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THE X-RAY STUDY OF PROTEINS AND 
RELATED STRUCTURES 

By W. T. ASTBURY, M.A., Sc.D., P.Inst.P. 

Textile Physics Laboratory, University of Leeds 

The study of proteins is not exactly a popular subject, though it 
ought to be : perhaps it is too important to be popular. It would 
be too much to claim that our lives depend upon it, but it is no 
exaggeration to say that the proper control of our lives does ; for 
there is no life without proteins, and they are life’s most important 
physical constituents. 

They are also the most complicated. In some ways they are 
almost frightening in their complexity—^but not so frightening as 
they were a short time ago, when we could hardly see the wood for 
the trees. A jungle rather, a tangled mass of facts with only a 
glimmer of light here and there. The light is not bright even now, 
but it grows warmer, and there is an exciting feeling of something 
happening, a feeling that we are approaching a great secret. It is a 
worthy excitement, and a really great secret, none other than that of 
our own existence. 

As in so many other fields during the last twenty-five years or so, 
X-rays have played a notable part in bringing us where we now 
stand in protein studies, and probably they are destined to take us 
farther still. In a sense, proteins first became real ” in the light 
of the X-rays : they took on a form, acquired a stereochemistry of 
their own ; they became something that we could make mental 
pictures of, build models of, and handle, not with the familiarity of 
the hydrocarbon chain for instance, but at least with the conviction 
that they must be “ something like that.” All that was known of 
their inner structure with any certainty—and it is a sobering thought 
that this certainty is still uncertain for some proteins, as we shaE 
see—was that the proteins are somehow polypeptide chain systems: 
Hofmeister and Fischer established that at the begimfing of the 
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century, and the evidence is still overwhelmingly in favour of it. 
Now these polypeptide chains have become real thmgs, as real as 
hydrocarbon chains, or the benzene ring. 

Symbolically, a polypeptide chain may be written: 

R' R'" R""' 

,CO CH NH CO <!)H NH CO 

. /\ / \ / \ / \ / \ / \ / \ / : . 

NH CO CH NH CO CH NH 

ii" k'"' 

< -7 A-y 


that is to say, it is a sequence of “ a-amino-acid residues ” of the 
form: 


NH CO 


/ \ / \ 


CH 


where E stands for a univalent group such as —H, —CH 3 , 

—(CHa)*—NHa, CeH^OH, etc.; twenty- 

two different kinds have so far been recognised in proteins, some of 
which are acidic, some basic, some of unexplained function, and some 
(apparently) non-committal. When proteins are digested, we get 
back the amino-acids themselves, and these are continually being 
recondensed in the body to build up other proteins. 

Now a polypeptide as just written out is a typical chain-molecule : 
it consists of a long main-chain to which are attached at regular 
intervals numerous relatively short side-chains; and when the 
chain is stereochemically fully extended it has the zig-zag form shown 
and each residue, as first pointed out by Meyer and Mark, should 
take up a length of about 3| Angstrom units.^ Here then is some¬ 
thing to look for, something that reminds us of the hydrocarbon 
chain, and of the cellulose chain, those two splendid examples of the 
way X-ray analysis can give precision to the ideas of the chemist. 
The problem of the proteins is infinitely more difficult and varied, 
but if polypeptide chains exist as such it should be possible to detect 
them and characterise them to some extent. Straight away, though, 
we come up against a curious anomaly: the molecules of many 
proteins are so obviously round, or roundish, that to call them chain- 
molecules seems a contradiction in terms. Such proteins are egg 
albumin, hsemoglobin, insulin, pepsin, trypsin, edestin, etc. We 

1 1 Angstrom unit (1 A) =*= 10“® cm. 
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may call them “ globular ” or “ corpusoxilar ” proteins. They play 
active and outstanding parts in metabolism, but we shall leave them 
aside for the moment and consider some rather more humble proteins 
—^partly because they are more stable and easier to manipulate, but 
chiefly because they are fibrous. 

That is the clue ; proteins such as silk, hair, muscle, tendons, etc., 
are fibrous, and therefore by analogy with other natural fibres should 
consist of chain-molecules : their structure should be that of a 
molecular yarn made from polypeptide chains in the way a domestic 
yarn is made from fibres. 

Fibrous Proteins 

We can say at once from the X-ray photographs and properties 
of the macroscopic protein fibres that they consist of long thin units 
lying in the general direction of the fibre axis : always these photo¬ 
graphs and properties have certain features in common, features in 
fact like those of the vegetable fibres, in which it is accepted that 
the long thin units are simply regular bundles of chain-molecules. 
These chain-bundles are the sub-microscopic crystallites that 
Nageli called “micelles.” 

Fig. 1 is an X-ray photograph of a typical fibrous protein struc¬ 
ture, the foot retractor muscle of the common mussel, Mytilus 
eduUs. The halo arises from the fluid contents, but of the other 
reflections it should be noticed that the one on the meridian is sharp 
while that on the equator is diffuse. We nearly always see that 
sort of thing in protein fibre photographs. It will be recognised as 
an example in resolving power: there are many repetitions of 
molecular pattern along the fibre axis but only a few at right angles 
to it; that is to say, the crystallites are long and thin. 

It is a reasonable conclusion, then, that polypeptide chains do 
exist as such in the obvious protein fibres, but of course we cannot 
leave it at that; we have to see at least whether,the diffraction 
patterns conform quantitatively with the idea. Actually, they 
seem not to do so in most cases—^the muscle photograph shown in 
Fig. 1, for instance. That of silk^ does, however, as Meyer and 
Mark showed; the crystallites of silk fibroin (as the protein is 
called) are undoubtedly bundles oi fully extended polypeptide chains 
just as written out above. The ^fifraetion pattern repeats along 

1 See “ The X-ray Interpretation of Fibre Structure ” in this Journal, 
Oct. 1933, p. 210. It may be permitted to refer the reader to the X-ray 
photographs shown there, so that further photographs may bo preeth^ 
in the present article. 
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the fibre axis at a distance of 2 x 3J A, corresponding to side-chains 
alternately on one side and the other. 

It was origiaally thought that fibroin consists almost entirely of 
glycine and alanine residues 


CO 

/ \ 
CH 

I 

H 


ISTH 
/ \ 


CO NH 

/ \ / \ 
CH 


CH, 


in equal proportions, but more recent estimates by Bergmann and 
Niemann indicate that the correct proportions for most of the 
residues are : glycine, 1/2 ; alanine, 1/4 ; tyrosine, 1/16 ; arginine, 
1/216 ; lysine, 1/648 ; histidine, 1/2592. We shall have occasion 
to refer to these cryptic numbers again later on : they suggest that 
the fibroin chain is probably something of the form: 


H H H 

CH CO NH (!iH CO NH CH CO NH 
etc..../\/\/\/\/\/\/\/\/\ / ...etc. 
NH CH CO NH CH CO NH CH CO 

I l__ I. 


CH, 


CH, 


OH 

-Fibre Axis- 


We know now a number of proteins that give fibre photographs, 
or that can be made to give fibre photographs, analogous to that of 
silk, but at flurst silk seemed unique, the only example of straight¬ 
forward polypeptide chains to be found. It was not to be believed 
that the other fibrous proteins were radically different, but there 
was something missing in the argument, because their diffraction 
patterns did not repeat at the right distance. Hair, for instance, 
which is composed of the protein keratin, was a decided misfit, and 
so was muscle. The trouble was got over through a study of the 
daetic properties of hair, which are also quite different from those 
of sUk—and here is a beautiful example of the way two blacks can 
sometimes make a white ! Unlike sfik, hair when wet or moist has 
really amazing elastic properties, second only to those of rubber : 
it is quite easy to stretch it by 60 per cent, or more in water at 
ordinary temperatures, and it will go back perfectly when released. 
And as it is stretched, its X-ray photograph changes into one of 
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another type, into one of the silk type in fact; and on letting go, 
the first photograph returns again. 

It is clear what is happening ; the polypeptide chains in hair are 
shaped like those in sUk only when they are pulled out straight: 
in the ordinary way they are in some regularly folded configuration, 
repeating at a distance that is unfamiliar just because they are 
folded. The folded configuration is their normal state, and it 
requires force to pull them out of it and get them into the fully 
extended configuration we wrote down above—and even then they 
revert to the folded state when we let go. This is the explanation 
of the long-range elasticity of hair: it introduces a new principle in 
vital mechanics. Its implications are immense, whether in stereo¬ 
chemistry or biology, and we could very easily talk about the elastic 
properties of hair and suchlike things for the rest of the space 
allotted to this article. As it is we must forget for the moment the 
“ permanent wave ”, put away the odd thought that it has been left 
to X-rays to explain a centuries-old trick for which a woman was 
once burnt at the stake because it was contrary to the will of God, 
or the pleasant thought that the romance of beauty can be a romance 
of science, and remember only for our present purposes that the 
missing argument is that pol 3 rpeptide chains need not necessarily be 
straight! That seems more or less obvious, but it is probably the 
main principle in protein structure. 

We get substantiaEy the same X-ray photograph from every 
sort of mammalian hair—Shuman hair, sheep’s wool, pig’s bristles, or 
what you will ; and also firom the nails and hooves of mammals, 
from Wn, whalebone, hedgehog spines, porcupine quills, etc. All 
are alike to X-rays in that they are composed of the same kind 
of protein, keratin : they differ in degree but not in kind. The 
keratin is always present normally in the folded form (a-keratin), 
and it always changes into the straight form (;5-keratin) on stretching. 
It is the actual cell substance, for Woods has shown that all the 
chief X-ray and elastic properties of hairs are inherent in the cells 
themselves. 

These “ keratinous growths,” then, form a group, not of identical 
structures to be sure, but of structures that have something very 
much in common, something that X-rays abstract from the chemical 
unknown. This something is a molecule, or molecular complex, 
not of constant constitution, but of constant shape. We must 
speak not of a- and /S-keratin, but rather of the a- and jS-keratm 
t^pes. It will sufBce here to spare the details and say that according 
to the X-ray findings the /S-keratin type is that of ei flat polypeptide 
" grid ”, fully extended main-chains cross-linked by interaotlcais and 
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combinations between their side-chains, while the a-keratin type 
is that of a buckled or folded grid, the folds lying in planes transverse 
to the direction of the side-chains (see Fig. 2). The elastic transfor¬ 
mation from the a- to the /S- configuration is thus simple enough 
in principle ; and whether flat or buckled the grid behaves as a 
mechanical unit. 

It may not be so very remarkable that all the obviously hairy 


ft 



k .", 

Besiduc 

Fia. 2,—polypeptide “ grid ” in the p-form (purely diagrammatic). The a-form 
may be obtained by throwing the paper into a series of folds parallel to the 
side-chains. 

and homy structures of mammals give the same kind of X-ray 
photograph, but it begins to be intriguing when we find that the 
epidermis does too, and it is definitely surprising when we get the 
same thing from muscle! But that is the fact, and it is a very 
significant fact indeed, for in spite of imperfect analyses we cannot 
delude ourselves that all these tissues have the same chemical 
constitution. The X-ray photograph of muscle arises mostly from 
the fibrous protein myosin, which runs in fibrils along the length 



















PLATE I 



Fig. 1.—X-ray “ fibre photograph ” of a living muscle (foot retractor of Mytilus eduUs). 

Fibre axis vertical. 



Fig. 3.—X-ray fibre photograph of 
a-myosin. 


Fig. 4.—X-ray fibre photograph of 
j?-myosin. 



Fig. 5.—X-ray fibre photograph of 
sea-gull quill. 


Fig. 6.—X-ray fibre photograph of the 
tendons of a frog’s toes (collagen). 



Fig. 7.—^X-ray powder photograph of 
dried boiled egg-white. 


Fig. 8,—^X-ray fibre photograph of 
sodium thymonucleato. 
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of the muscle and is the seat of its elastic properties. We can 
extract pure myosin from muscle and make oriented preparations 
that give, when unstretched, the photograph shown in Eig. 3, or 
when stretched, that shown in Fig. 4. These two photographs 
are so like those of a- and /?-keratin as to be almost indistinguishable 
—and there is a whole series of resemblances between the various 
X-ray photographs and elastic properties of keratin and myosin, 
especially when the former has been treated in such a way as to 
break down certain of the cross-linkages of the grid. Keratin in 
this state can be made to contract ^ just like myosin or muscle, and 
muscle can be stretched into the ^-form just like hair. When we 
take into consideration all the known experimental evidence from 
myosin and keratin, set in its proper framework of evidence from the 
proteins in general, the most satisfying interpretation of the con¬ 
traction of muscle—our very heart beats depend on it!—is that it is 
a manifestation of the folding of pol 3 rpeptide chains. The myosin 
chains in relaxed muscle are already in the folded a-configuration, 
but they can be stretched into the straight /?-configuration, and when 
they contract, they do so by virtue of further folding. They are 
the moving parts of the muscle engine, presumably activated by a 
cycle of chemical exchanges with smaller accessory molecules : we 
know no details yet, but it will be appreciated that the state of 
folding of a polypeptide chain must be a function of the nature, 
distribution and state of combination of its side-chains. 

And so the keratin group of fibrous proteins is much wider than 
we thought; it includes also the fibrils of the epidermis and even 
the myo-fibrils of muscle : we may call it now the keratin-myosin 
group. In its jS-subgroup it includes also the covering of birds and 
reptiles—^feathers, beaks, tortoiseshell, snake skins, and the like. 
All these give similar X-ray photographs, not of a protein in the 
a-configuration, but of one in a slightly constricted /?-configuration. 
Fig. 5 is perhaps the best example of its kind: it is an X-ray 
photograph of the quill of a sea-gull feather. It can hardly be 
confused with the a-photograph shown in Fig. 3, but it is clear that 
it bears a strong family resemblance to the jS-photograph shown in 
Fig, 4, in spite of its greater profusion of spots.’' 

The fact that the feather protein is normally in a slightly con¬ 
tracted ^-configuration gives it great strength combined with a 
certain degree of reversible elasticity—actually up to an extension 
of about 7 per cent. When we stretch a piece of quUl over this 
range and take X-ray photographs, we see the spaoings ” along 

^ “ Supercontraot ” is a better word in this connection, when the fibre 
becomes shorter than its normal unstretched length. 
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tke fibre axis changing continuously and reversibly in a way that is 
unique in structure analysis ; and the limit of extension is reached 
just where we should expect it, namely, when the average length 
of an amino-acid residue approaches about 3 J A. From the point 
of view of the molecular biologist a feather is most fascinating. 
X-rays show too that the great strength of the quiU comes in part 
from its two-ply structure : most of the chain-molecules run along 
the length of the shaft, but there is an outer layer in which they 
run round it. And another point worth mentioning again here is 
this, that the X-ray classification of the keratins into two types 
characterised by diffraction patterns like Figs. 3 and 5, respectively, 
agrees with the well-known verdict of palaeontology, that the birds 
and reptiles are more closely related to each other than they are to 
the mammals. For those who look forward to the day when the 
boundaries between physics and biology will have vanished entirely, 
there is something peculiarly happy in this finding. There is a 
special thrill in demonstrating an evolutionary principle by the 
methods of molecular physics. 

One more group suffices apparently for aU the remaining natural 
protein fibres. We may call this second group the collagen group, 
and it includes connective tissue, tendons, cartilage, fish skin and 
fins, jeUy fish, the filaments of various shell fish, etc. A typical 
X-ray photograph is shown in Fig. 6 ; it is that of the tendons of a 
frog’s toes. It win be seen that it resembles neither the a- nor the 
j8-type of the keratin-inyosin group ; it corresponds to polypeptide 
chains in some other configuration. What this conjuration is 
exactly we do not know, though it seems fairly certain that it is 
stereoohemically fully extended, for no one has yet succeeded in 
transforming the collagen molecule by stretching. The collagen 
fibres are not ordinarily elastic in themselves, though they make 
elastic tissues, such as the dermis, by interweaving : indeed, as is 
well known, tendons for example are extremely strong and have 
very little “ give ” at all. Yet under the right conditions they are 
every bit as elastic as the fibres of the keratin-myosin group. These 
conditions are realised when we raise the temperature: the ooUagen 
fibres then contract spontaneously to sometimes only a quarter of 
their normal length, and in this state they give an X-ray photograph 
suggesting that the polypeptide chains have coiled up. Their new¬ 
found elasticity is therefore not really surprising when we remember 
the lesson of the keratin-myosin fibres: they stretch—and X-rays 
confirm this—^by uncoiUng the chains again, and so long as the 
' temperature is high enough, they go back to the coiled state when 
we let go. The contractile mechanism is thermal agitation. 
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There is one member of the collagen group whose real character 
is masked : it is elastin, the highly elastic fibre that is perhaps most 
familiar in the ‘‘ ligamentum nuchae.’’ ^ Unlike tendon it stretches 
to great lengths, and moreover it is only when stretched that it 
gives the usual collagen photograph. The inference is that its 
chain-molecules are coiled up even at ordinary temperatures ; in 
other words, its thermal transformation temperature is abnormally 
low. But it is a true member of the collagen group—and so is 
gelatin. Gelatin is an artificial degradation product of the natural 
collagen fibres, but it still gives an X-ray photograph like Fig. 6. 

That is a strange thing—^it is remarkable that all the collagen 
fibres give the same type of X-ray photograph, for they undoubtedly 
vary considerably in composition. It is the case of the keratin- 
myosin group over again—one molecular configuration suffices for 
all. How can that be ? What does it mean that so few configura¬ 
tions account for the whole of the natural protein fibres ? It must 
mean that there are divisions of protein chemistry something like 
the aromatic field in ordinary organic chemistry. We know now 
that the aromatic compounds are based on the carbon hexagon, but 
if we did not know that and had only empirical formulae at our 
disposal, we should be no better off than we are now with the 
proteins: the simplest derivatives of benzene, of identical con¬ 
figuration, might seem to bear absolutely no relation to one another. 
In one respect we are much worse ojBf with the proteins than with 
an aromatic chemistry of purely empirical formulae, because the 
protein molecules are so enormous, their chemical analysis is so 
difficult, and the available data are so distressingly incomplete— 
yet even so, this new principle brought to light by X-rays, this idea 
of only a few configurations sufficing for many compounds of different 
chemical constitution, gives hope that the problem is not insuperable. 
If only we can find out precisely how the fibrous proteins are folded, 
we shall then have a guide like benzene. Already there is a strong 
suggestion that protein chains, too, fall into hexagonal rings, for we 
can explain the X-ray photographs and elastic properties of keratin 
and myosin very plausibly indeed on such a basis.® 

CORPUSOULAB Proteins 

We may now turn to the globular or corpuscular ’’ proteins. 
Our minds turn to them almost inevitably when we think of limited 
numbers of special configurations. There is nothing more surprising 
in what we have just said about the fibrous proteins than what has 

^ A ligament in the human neck. 

® See **The X-ray Interpretation of Fibre Structure,** oj?. eit, p, ^23. 
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been known for several years with regard to the corpusonlar proteins. 
The epoch-making experiments of Svedberg and his collaborators 
■with the ultra-centrifuge have revealed that the corpuscular pro¬ 
teins in solution have molecular weights that fall into groups, groups 
that are multiples of about 17,600, For example, egg albumin, 
insulin, pepsin, zein, Bence Jones protein, etc,, all have molecular 
weights of roughly twice this number, while for heemoglobin and 
serum albumin it is four times, for edestin, excelsin, and other seed 
globulins sixteen times, and so on, up to weights of millions. 
Furthermore, molecules of higher weight can be spht iuto units of 
submultiple weight. There is obviously some common factor or 
factors running through the whole series, some way of building them 
up, some trick of molecular architecture that suffices for the lot. 
Granted this, we can probably explain the fact that the molecular 
weights in any one group are not strictly constant by the circum¬ 
stance that the chemical constitution also is not constant—^it varies, 
of course, from protein to protein: the same number of linked 
amino-acid residues might conceivably always take up the same 
configuration, but the total weight would vary, though never a 
great deal. Anyhow, be that as it may, it is a sound enough con¬ 
clusion that the corpuscular proteins are not based on all sorts of 
molecular configurations, but on relatively few. Thus all proteins 
are alike in this respect: there is nothing unexpected in the X-ray 
classification of the fibrous proteins. 

The story of the X-ray attack on the corpuscular proteins is 
only at its beginning. Though many of them form beautiful 
crystals, they are exceptionally difficult subjects for X-ray examina¬ 
tion, partly because the crystals are so small, partly because they 
are generally very unstable, and partly because they difiract X-rays 
but feebly. These three troubles together for a long time proved 
more than a match for structure analysts, but fortunately it is 
possible to report progress at last—not so much as we should like, 
it is true, but stall a very definite advance. Bernal, Crowfoot, and 
their collaborators, for instance, have succeeded in obtaining 
excellent photographs of pepsin, insulin, lactoglobulin, chymotrypsin, 
haemoglobin, etc., and have deduced therefrom the respective units 
of pattern and probable molecular weights. The latter agree weU. 
with the values given by the ultra-centrifiige—^but there the story 
more or less ends for the moment. Attempts have been made, and 
are still being made, to elucidate the i%<m-moleoular structure from 
the X-ray photographs, but -with no great success so far. Certain 
rath^ tentative conclusions have been drawn, but on the whole 
it is fair to say that the problem remains tmsolved by this method. 
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There is another X-ray method of approach, however, and that 
is through the phenomenon of “ denaturation.” Denaturation is the 
sad end, in one easy way or another, of almost all corpuscular 
proteins—^the word is self-explanatory; they lose their specific 
properties, become insoluble and useless for the special purposes for 
which they were intended. Many proteins denature simply on 
drying (hence one of the difficulties in X-ray analysis), and heat is 
almost infallibly disastrous. A boiled egg is denatured protein— 
still good, even better, to eat since we only need the amino-acids, 
but quite beyond all hopes of raising a chicken from it. Speaking 
generally, it is depressmgly easy to denature corpuscular proteins : 
their structures are so delicately balanced that they “ go wrong ” on 
the slightest provocation. And yet when this happens, there is 
never any great change in chemical constitution, only in internal 
arrangement. The correct amino-acid residues are still there, and 
in their correct proportions, but everything is spoiled somehow. 

Fig. 7 is actually an X-ray photograph of a piece of dried boiled 
egg-white, but without careful examination it might equally well 
pass as a photograph of boiled muscle, or boiled serum albumin, or 
numerous other heated protems—or even as a bundle of stretched 
hair! Denatured protems are all alike in this, that they are like 
disoriented stretched hair: they have aU gone the same way and 
ended up like ^-keratin. There can be only one answer to such a 
result, that denaturation is the breakdown of a specific configuration 
with the formation or liberation of polypeptide chains. It is impos¬ 
sible to say which ; we stfil do not know for certain that polypeptide 
chains pre-exist in the corpuscular molecule and they might very 
well be formed at the moment of denaturation, but taking every¬ 
thing into consideration it seems much more reasonable to conclude 
that they are there all the time and that they simply unfold —^perhaps 
in some cases to make longer chains by secondary condensation or 
ring-chain polymerisation. The corpuscular proteins firbm this point 
of view are the three-dimensional counterparts of the folded fibrous 
proteins; and for any given molecule unless the right polypeptide 
chains are folded in just the right way, its properties are riot specific. 

In general, the breakdown of a specific configuration must lead 
to all sorts of irregular arrangements of polypeptide chains, and 
among them there is bound to be a proportion of fully extended 
chain-bundles analogous to the crystallites of /9-keratin: it is these 
chain-bundles that give rise to the disoriented jS-photo^aph shown 
in Fig. 7. Theoretically it should be possible to puU out the ohah^ 
of a denatured corpuscular protein into the form of prbtefe.j 

That is a direct deduction frond the X-ray data that has rwjw beep ? 
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verified experimentally, Edestin is a seed globulin, a crystalline 
corpuscular protein of molecular weight about 309,000, and it 
dissolves in dilute salt solutions to form an ordinary thin sol; but 
if excess of urea is added the solution becomes very viscous, and it 
can then be spun ” into fibres in the way rayon is spun from 
viscose or cuprammonium solution : all that is required is to squirt 
the urea solution through a capillary tube into water. Urea is a 
well-known denaturing agent, and when it is added to solutions of 
native ^ proteins the rise in viscosity is a most striking indication 
that the originally round molecules have become very much elon¬ 
gated. The X-ray findings explain this at once by the concept of 
unfolding. 

On diluting the urea solution by squirting into water, the liber¬ 
ated polypeptide chams are precipitated as elastic fibres, and these 
fibres when stretched give not merely a disoriented ^S-photograph 
like Fig. 7, but a true fibre photograph ’’ of the type of Fig. 4. 
The experiment is as convincing a demonstration of the soundness 
of the X-ray interpretation of protein structure as it is possible to 
devise. It reduces the stereochemistry of proteins to its simplest 
terms and, incidentally, provides the theory of a new textile 
industry.^ 

Still another way of catching a glimpse of the interior of corpus¬ 
cular proteins is by studying the monolayers they form on aqueous 
substrates—^and here again X-rays have made a decisive contribu¬ 
tion, The roxmd molecules spread not merely themselves, 6^^# their 
eoTUents, over the surface of the substrate, for the resulting layer is 
definitely thinner than their original diameter ; and what is more, 
under the correct conditions it is always about the same weight per 
unit area, namely, about 1 mgm. per sq. metre, whatever the 
original molecular weight- Indirect estimates suggest a thickness of 
the order of 10 A, and the natural inference is that we are dealing 
now .with more or less free polypeptide chains—^polypeptide chains 
lying with their side-chains dipping into the water. From the 
X-ray data given by protein fibres we can calculate very easily what 
the thickness and weight per unit area should be, and they agree 
remarkahly well with experiment. 

There was no out-and-out proof, though, tni lately that protein 
monolayers really consist of polypeptide chains. Now Blodgett 

^ Undenatured proteins are also often called “ native ” proteins, though 
sonie native proteins are already in the fibrous configuration associated with 
dehaturation. 

r ^ I^aaoita!/* for instance, the Italian ‘‘artificial wool,’’ is denatured 
casein ^un into fibres. 
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and Langmuir have shown how to build up protein multilayers by 
repeatedly dipping a chromium-plated metal slide into a substrate 
covered with a monolayer : every time the slide passes vertically 
up or down through the surface it picks up a portion of the mono- 
layer, and by continuing the process we can biuld up witliin reason 
multilayers of any thickness. 

At any rate, by means of a special dust-proof automatic appara¬ 
tus working on the Blodgett-Langmuir principle, multilayers have 
recently been prepared consisting of up to 1764 monolayers of egg 
albumin, and these have been stripped from their metal base and 
examined mechanically, optically, and by X-rays. The mechanical 
and optical properties indicate that the films are fibrous in a direc¬ 
tion corresponding to that in which the slide was moved through the 
surface of the substrate, while X-ray examination reveals directly 
that they are composed of polypeptide chains lying roughly in that 
direction, with their side-chains roughly perpendicular to the sixrface. 
If now these polypeptide chains had been liberated or generated 
after the protein had been deposited and dried on the metal sMe, 
we know that the result would have been a disoriented X-ray 
photograph ; but as it is, we may conclude quite definitely that they 
must have pre-existed in the original monolayer, and in such a free 
state that the movement of the sMe was sufficient to orient them— 
to spin off a polypeptide ribbon, so to speak, in very much the way 
fibres may be spun from denatured edestin as described above, or 
in fact as rayon is spun every day in the textile trade. 

The side-chain “ spacing ” (see Fig. 2) given by X-ray photo¬ 
graphs of egg albumin multilayers is about 9^ A, just as with macro¬ 
scopic protein fibres, whether natural or spun from denatured 
material, and this number must therefore represent also the approxi¬ 
mate thickness per monolayer. To prove the point we have to 
measure the multilayer thickness by other means. This was accom¬ 
plished in two ways. The first was by mserting the film under one 
of the feet of a small three-legged interferometer specially constructed 
for the purpose, thus altering the angle of an air wedge included 
between two pieces of optically flat glass. The instrument was so 
designed as to minimise aU pressure on the film, and the measure¬ 
ment consisted in counting with a travelling microscope the number 
of interference bands first without and then wdth the film under the 
foot. It should be noticed that no optical properties of the film, 
itself are invoked—^the measurement is direct and the calculation 
involves only the wave-length of the light used and the geometrical 
constants of the interferometer. The method proved successful 
even for multilayers composed of only 600 monolayers, i.c. only 
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about 0’6jt{ thick, and in a series of films of increasing thickness the 
thickness per monolayer was found to he always about 9^ A, in 
excellent agreement with the side-chain spacing given by the X-ray 
photographs. 

The second method of direct measurement was by means of a 
screw micrometer—and this is the first time that the thickness of a 
protein chain, or perhaps of any molecule, has been measured with a 
common workshop tool. A single film was still too thin for the 
purpose, but ribbons of film were folded a known number of times 
so as to build up comparatively thick pads, and these gave significant 
readings in the micrometer. The accuracy of measurement was 
admittedly not high, but it was sufficiently good to point once more 
to a thictmess per monolayer of about 10 A. 

And so in effect the formation of a protein monolayer is just 
another example of denaturation: the monolayer is a fibrous 
polypeptide system no different in fundamentals firom other fibrous 
proteins, natural or artificial; and as for the actual mechanism of 
formation, we can hardly doubt that it is one of simple unfolding 
under the influence of surface forces. The thread of the protein 
story is thus always the same, always one of polypeptide chains, 
their states of combination, ond their states of folding. 

But what are these states of folding ? We still cannot say; 
this further glimpse is stiU too fleeting. Immunology, the ultra- 
centrifuge, crystallography, X-rays^witness the beautiful feather 
photograph—aU proclaim the precision and regularity of protein 
structure—how impressive is such perfection in these giants among 
molecules !—but the key to the puzzle is yet to be found. We have 
no detailed theory that rigidly stands the test of experiment, in 
spite of the fact that so many things, the X-ray data in particular, 
point to the conclusion that the transition from the corpuscular to 
the denatured form must be remarkably easy, that no kind of cata- 
dysmal change need be considered. But surely all proteins must be 
fundamentally fibrous, and the sianicture of a-keratin and a-myosm— 
polypeptide chains cross-linked through their side-chains and folded 
in planes transverse to their side-chains—^must be a prototype for 
all. And surely, too, the giant molecules are not built up “ aU in 
one go ” ; they are multiples of similar or related sub-units of per¬ 
haps only a few dozen residues each at the most: their perfection 
of detail ^ never achieved in one single heroic stroke, but by piecing 
tc^ether already perfected parts of a more familiar nature. It is 
idiis " more familiar nature ” that it is urgently necessary to recog- 
hfee ftist. 

There was a time, not very long ago, when chemistry could hardly 
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subscribe to the idea that proteins are normal molecules constructed 
to stoichiometric proportions : the analytical data were chaotic, 
even one and the same protein never giving the same answer twice. 
The technique of protein analysis is supremely difficult, it is true, 
yet all the same there seemed to be neither rhyme nor reason in the 
proportions of the products of hydrolysis. The most that could be 
said was that from time to time there turned up ratios involving 
approximate twos and threes. But now, thanks largely to the 
pioneer work of Vickery and Block and the intensive, systematic 
investigations of Bergmann and Niemann and their collaborators, 
things are beginning to look different, and twos and threes—still 
twos and threes—are beginning to crowd upon us. Indeed, the 
conclusion that Bergmann and Niemann have arrived at is that not 
only the total number of residues in any protein, but also the num¬ 
bers of each of the different kinds of residues, are expressible in the 
form 2^3"*; that is to say, the number of residues of any one kind 
is always 1/2, 1/3, 1/4, 1/6,1/8, 1/9, 1/12, etc., of the total number 
of residues in the molecule. Por example, in silk fibroin quoted 
above the different kinds of residues are present in the proportions : 
glyciae, 1/2^; alanine, 1/2^; tyrosine, 1/2^; arginine, l/2®.3^; 
lysine, l/2^.3^; histidine, l/2®.3^. From such jfractions the mini¬ 
mum number of residues required to make up a molecule, and 
therefore (provided we know the average residue weight) the mini¬ 
mum molecular weight, follow at once—and it is a most encouraging 
sign that the molecular weights so far deduced in this way agree 
quite well with values obtained by other methods, such as the ultra- 
centrifuge. If the Bergmann-Niemann scheme is sound, it means 
that each of the proteins in Svedberg’s egg albumin group (see 
above) is probably constructed from 288 residues, those in the 
haemoglobin group from 576 residues, and so on. 

The X-ray method, by independent reasoning, leads also to a 
similar conclusion. It would take too long here to develop the 
argument adequately, but it can be shown that in keratin, for 


instance, the principal residues are present in the following propor¬ 
tions : glutamic acid, 1/2®; arginine, 1/2*; aspartic acid, 1/2*; 
tyrosine, 1/2®; lysine, l/2*.3^; tryptophane, l/2®,3^; histidine, 
l/2®.3^. From this new analytical point of view, therefore, the 
distinction between fibrous and corpuscular proteins becomes more 
unreal than ever. Already it was clear from the X-ray interpreta¬ 


tion that the two types correspond only to different configurations df 
straight or folded polypeptide chains, and now it transpires ; 

all proteins are related stoichiometrically; 

, accordirig to a common pkm *' ,' ^;; J i 
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The problem of the structme of proteins is the problem of the 
common factor in their mode of synthesis. This factor must be 
responsible both for their multiple molecular weights and for the 
common configurations of proteins of different constitution. We 
have no idea what it is, beyond the feeling that it is less Ukely to be 
something inherent in the proteins themselves, because of this 
seeming independence of constitution—and that lays the burden 
once more on enzymes, which leaves us, if anything, worse off than 
before, since enzymes themselves are also generally proteins ! The 
truth of the matter is that we are suffering from lack of data : we 
are in that thoroughly unsatisfactory state where we may suppose 
anything or nothing, and only facts—^many more facts than we are 
aware of now—^will lift us out of it. Probably our besetting weak¬ 
ness is trying to explain too much in terms of the proteins alone. 
Granted that in the physical scheme of life they are pre-eminent— 
and who can doubt it ?—^that still is not the same thing as saying 
that they are molecularly omnipotent. They must evolve and work 
in co-operation with other molecules, simpler molecules maybe, but 
indispensable partners whose structures and properties it is every 
bit as important to understand. Such molecules, it is becoming 
increasingly evident, are the polysaccharides for instance, and 
above all, the nucleic acids. 

Ntjolbo-Pbotbins 

Two kinds of structure that lie at the very source of life are the 
chromosomes and the viruses, and they have two main character¬ 
istics in common, their power of reproducing themselves and an 
organisation based on the association of proteins with nucleic acids. 
The chromosomes, as everyone knows now, are the components of 
the cell nucleus : they are the controlling elements in cell division 
and growth and the bearers of the factors of heredity. It has been 
known for many years that the cell nucleus contains relatively large 
amounts of nucleic acid—^the name speaks for itself—^but it is only 
during the kst few years that it has been recognised that the viruses, 
too, are nucleo-proteins. The most thrilling biological discovery of 
this century Tras undoubtedly the first isolation of a pme virus—^in 
point of fact, the tobacco mosaic virus—^by Stanley : it turned out 
to be no other than a crystalline compound of protein with nucleic 
add. A dozen or more other viruses have been isolated since and 
they have all turned out to be nucleo-proteins too : they are appar¬ 
ently enonnous molecules that have the property, in the correct 
environment, of producing other molecules exactly like themselves. 
In this sense they axe “ living ” : otherwise they are just molectiles ! 
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Before considering these things farther we must delay for a 
moment to look closer at the nucleic acids. In complexity they are 
inferior only to the proteins themselves. They are made up of 
‘‘ nucleotides,” and a nucleotide is a fairly large double-ring struc¬ 
ture, one half of which is a purine or pyrimidine base and the other 
half a sugar with phosphoric acid tacked on. We need not go into 
the jSner points of the various nucleotides ; it will be sufficient for 
our purpose to describe them in this general sort of way and to add 
that when they are linked together to form a nucleic acid, the linkage 
is believed to be through the phosphoric acid molecules. The kind 
of nucleic acid present in the chromosomes is thymo-nucleic acid, 
and Caspersson has shown that it is located in the dark bands and 
that it goes through a cyclic rise and faU corresponding to the cycle 
of cell division. 

Sodium thymonucleate is a fibrous material that gives m suitable 
preparations X-ray photographs like Fig. 8, in which the principal 
repetition of pattern along the fibre axis occurs at 3*34 A. Its 
aqueous solutions are very viscous, and they show optically negative 
“ streaming double refraction ” (the fibres are also optically negative 
with respect to their length) and other properties pointing to long 
rod-hke particles of molecular weight of the order of 500,000 to 
1,000,000. The X-ray view of these particles is that they are 
columns of flat nucleotides spaced at 3*34 A—something like piles of 
plates, about two thousand high, each plate representing a nucleotide. 
Their most intriguing feature, however, is this, that the spacing of 
3*34 A between successive nucleotides is almost exactly the spacing 
between successive side-chains in a fully extended polypeptide. It 
is tempting to infer therefore, in view of Caspersson’s work just cited, 
that the agreement is no mere numerical coincidence signifying 
nothing in particular, but is a matching of intra-molecular patterns 
that Nature has adapted specially to the processes of chromosome 
division. During mitosis and meiosis the chromosomes pass through 
a cycle of length changes, and we can imagine that some critical 
moment when the proteins are fully extended is decided under the 
influence of just this period of 3*34 A between the nucleotides of 
thymonucleic acid. 

We are a long way from either verifying or disproving such an 
idea, of course, but at least we can show by X-rays that it is stereo- 
chemically sound. One of the chief proteins foxmd in sperm is 
clupein, a simple polypeptide of about 28 residues, 21 of which aue 
arginine residues. The arginine side-chains are ba^ic, and so 
dupein chain should combine veiy easily with the phosphoric 
groups down the side of the thymonucleic acid column. And 
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does, to form fibres of clupein thymonucleate that give X-ray 
photographs hardly different from Fig. 8 ; the principal period along 
the fibre axis remains unchanged at 3-34 A. These fibres are optic¬ 
ally negative with respect to their length, just as the giant salivary 
chromosomes are in those regions where the nucleic acid is found; 
which means that if the protein-nucleic acid compounds in the 
chromosomes resemble the synthetic material, the polypeptide chains 
must run along the length of the chromosomes. That is something 
that had often been assumed before, but never demonstrated experi¬ 
mentally : it is a conclusion that means much to genetics. The 
“ genes ”—^the loci of the hereditary factors—^form a linear sequence 
along the length of the chromosomes, a chain that may be broken, 
re-united, and have its parts transposed and interchanged—and the 
chromosomes as a whole have the essential physico-chemical char¬ 
acter of fibres. What more promising molecular basis, then, could 
we find for such properties than a system of polypeptide chains run¬ 
ning lengthways ? Again it is much too early to be sure about any¬ 
thing in chromosome structure, but here at least is a possibility to 
think about and work upon, a definite experimental start. The 
proteins are the most important molecules in life : it may be that 
the patterns of life are ordy the patterns along polypeptide chains. 

The tobacco mosaic and related viruses have been examined by 
X-rays by Wyckoff and Bernal and their collaborators, particularly 
the latter group, who have shown that the particles are rod-like 
bodies about 150 A thick. They are readily oriented on drying or 
by streamhig in solution, but w^her dry or in solution they always 
give the same X-ray pattern. The particle are molecules almost 
certainly, but that is a be^arly description : they are molecules of 
such grand size and regularity of structure that they are crystals 
too. Though their molecular weight is many millions, the X-ray 
photographs show that they are constructed of sub-units weighing 
no more than a few thousands. Along the length of the rods the 
true intramolecular pattern repeats at about 68 A, but there are 
indications that the actual sub-units are of approximate dimensions 
20 -X 20 X 22 A, or possibly as small as 10 x 10 X 11 A. 

What is the secret of the virus structure 1 Still the answer is 
that we do not know yet—^but it is an exciting question with which 
to conclude an article of this kind. The whole subject is exciting 
at the moment, and rightly so, considering the issues at stake. 
Afready the protein and nucleic acid data are beginning to run 
together, and it is possible to define at least the chemical sub-unit of 
the tobacco mc^aic virus. It is the X-ray sub-unit, just quoted, 
of volume 20 x 20 x 22 A. It contains the substance of about 
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54 amino-acid residues and just one nudeotAde. This then is the 
building-stone of the simplest “ living ” thing. 
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MODERN WORK ON EARWIGS 

By MALCOLM BURK, D.Sc., F.R.Ent.S. 

I. Their Ahobstobs 

The Dermaptera, or Earwigs, in spite of several highly specialised 
features, are an archaic and generalised type of insect. 

The earliest known fossil with any claim to be regarded as an 
earwig is from the Lower Permian of Kansas, where have been pre¬ 
served wings with the characteristic folding. On the strength of 
these TUlyard formed a distinct order of insects, the Elytroftera, 
which he considered ancestral to the Dermaptera. Not aU, however, 
accept this judgment. 

Eor the next step we must go to Asia. In shales of Jurassic 
age in Kazakstan two kinds of fossil have been found which have 
reasonable claim to be regarded as the remains of earwigs. No living 
form seems to represent the line of one, Semenoviola, which is no 
doubt extinct. The other is weE named Paradiplcdys fortis, as it is 
in many ways reminiscent of the primitive genus Diplahys. The 
fact that the ceroi are segmented is no serious objection, as seg¬ 
mented cerci survive in larvae of Diplatyince and Ka/rschielUncs. A 
mors serious objection is in the five-segmented tarsi. This, how¬ 
ever, is not insuperable, as the ancestral forms of the related Orthop- 
tera were pentamerous. Moreover, the number of tarsal segments 
is not immutable, as different numbers occur in related groups and 
instances of hypotypy axe by no means rare. There are several 
other ancestral features, but only one, the apparent venation of the 
elytra, has completely disappeared in all recent forms. 

Remains from Mesozoic beds clahned as those of earwigs must 
be accepted with caution, but we meet with unquestioned Dermap¬ 
tera in the early Tertiary. 

Many years ago Scudder described about a dozen species, fc® 
Which he created the genus LcMduromma, from lacustrine shales of 
early Tertaaay age from Morissant, in Colorado; and from Baltic 
amber,’ reputed to be of Lower Oligoeene age, several species are 
kijown. These are of modem appearance, and Bey-Bienko has 
pointed out the msemblance of two to several exis ting species. 

20 
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11. GBOaUAPHIOAL Distkibution 

There are something more than 900 species of earwigs known to 
science, the great majority of which are confined to the tropics. 
No less than 400 are recorded firom the Oriental Region alone. 
Many more must remain to be discovered in Africa and especially 
in South America. The numbers drop rapidly towards the temper¬ 
ate zones. In the Palsearctic Region there are known about 90 
species and in the Nearctic there are no indigenous earwigs at aU. 
It is interesting to compare the 9 species of Russia with 46 in the 
Mediterranean and 76 in the Belgian Congo. 

Earwigs are hygrophilous insects, loving a warm, and above aU, 
moist atmosphere; aridity is fatal to them. So it seems likely that 
the cause of the extinction of LaMduromma was the desiccation of 
the Western United States, and no doubt the glaciation exterminated 
any other Dermaptera that may have lived in other parts of North 
America. That in pre-glacial days it shared the forficuline fauna of 
the now temperate Old World is indicated by the curious survival in 
the mountains of Mexico of Anechura vara Scudd., an isolated species 
of a genus characteristic of high altitudes in Central Asia and Europe. 
Presumably the genus was once holarctio in distribution and this 
single species survived in the New World in the south, having 
migrated along the higher crests. The only other earwigs known 
to-day in North America are either immigrants from the Neo¬ 
tropical Region or naturalised aliens. It is curious that the almost 
cosmopolitan Labidura riparia Pall, appears to be unknown on the 
west coast. 

In the Old World we find in the temperate belt two dominant 
genera, both high in the scale of development and closely related 
to each other, Forficula and Anechura. The former, associated 
with woodlands, contains about 50 species, three-quarters of which 
are found only in the Palsearctic Region. The latter contains 18 
species, almost confined to the region, with the Mexican exception 
alluded to. 

In the West we have respectively 14 and 6 species of these two 
genera, while in the East there are 12 of Aneehwra and 20 of Forfictda 
so far known. In the centre there axe but two of each. 

This striking discontinuous distribution, of which analogous 
cases are known to most zoologists, is explained by the extermination 
of the ancient fauna of the centre owing to the drying-up of Asia 
consequent upon the elevation of the mountains to the south, which 
curtained off oceanic moisture. . / ; 

The survivors in the West were then drasMoally.alfe^tid 
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Pleistocene glaciation, but in the Far Bast the ancient fauna has 
to a great extent survived under favourable conditions. The varied 
relief of the mountains and ravines of Szechuan, lower Han Su and 
Eastern Tibet, as Semenov-Tian-Shansky has pointed out, afford 
us a living picture of the ancient faima and flora of Miocene days, 
when the moist, warm forest extended from the Pacific to the 
Atlantic. The occurrence of the panda, Ailurus, in Eastern Tibet 
and the Red Crag of Norfolk is analogous to the close resemblance 
between the members of the genus Forfieula in China and Western 
Europe. Both phenomena are due to the same cause. 

Semenov-Tian-Shansky and Bey-Bienko have pointed out the 
close relationship between the Western and Eastern species. In 
many instances they occur in corresponding pairs. Thus, our com¬ 
mon Western Forfieula auricularia L., which extends no farther 
east than Kopet Dagh in Transcaucasia, is represented in the Far 
East by three closely related species, F. vicaria Sem., F. burriana 
Sem., and F. subauricidaria Sem. Similarly, the Levantine F. 
smymensis Serv. is paired with the Eastern F. davidi Burr; the 
Russian F. tomis Kol. with the Japanese F, robmta Sem. and the 
Chinese F. maerohaMs B.-B. 

The genus Au&Jmra tmderwent a somewhat similar fate. The 
elevation of the mountains led to the evolution of species by isolation. 
The Italian A. ordnii 66ne pairs with the Chinese A. svenhedmi 
B.-B,, and the Pontic sdbgenus Borelliola with the Tibetan Rumolo. 
In, this genus we can detect character-gradients or clines. 

It is significant that two of the most primitive of recent members 
of the genus Foificvia, namely F. davidi Burr and F. scMagintweiti 
Burr, occur in China and the Himalayas respectively. As far back 
as 1910 I pointed out certain Anechurine features in the latter 
plastic species, which Bey-Bienko now regards with F. davidi as 
representing the ancestral line of the two genera. He has also called 
attention to the resemblance of F, scMagintweiti to the Ohgocene 
F. ‘proBomrsar Burr, flrom Baltic amber. 

To come nearer horde, it is interesting to ask whence we received 
, that abundant insect, the Common Earwig, FmficMa awicfulana L. 

l am strongly of opmion that it is a survivor of that andent, rich 
fauna of Miocene days, which rangoi from ocean to ocean. It does 
not' dread the cold. It conducts its domestic affairs in Central 
iSurope during the winter. It rang^ as &r north as latitude 60°, 
Its do^ xeiaiave, F. temts Kol., can stand even the Russian winter 
as far-nerth, as Yiteb^ and Omsk, where it hibernates in the larval 
sta^. It is rather the humidity than the cold that was fatal to so 
much life in the days of the glaciation, and against that earwigs are 
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protected -by their secluded life and hygrophilous disposition. 
Eloquent evidence in support of my view is the identification by 
Lesne of the pronotum of a common earwig from the Pliocene of 
Castle Eden, in co. Durham. Dr. Zeuner will not accept this view. 
He considers that the species may certainly have lived with us in 
those days, but that it could not have survived the glaciation and 
that the ancestors of our present earwigs came over from the Con¬ 
tinent during that relatively short period between the retreat of the 
glaciers and our separation from the mainland. But if it is correct 
that the hippopotamus survived in the valley of the Rhine well 
into the Pleistocene and in England into the Middle, and even 
Upper Pleistocene, lingering in our oceanic climate for some 200,000 
years after its disappearance from Germany {v. article in Nature, 
June 20, 1936, p. 1041), why shoxild not our damp-loving, cold- 
resisting earwig have survived down to our own day ? 

Another somewhat obscure point in the geographical distribution 
of earwigs is worth bringing into prominence. There is a small but 
very sharply defined subfamily called Esphalmenince. The shape 
of the sternal plates and the peculiar form of the male genital arma¬ 
ture separate it very clearly from all other groups. There are about 
half a dozen species, all apterous, well flattened, with strongly 
dilated abdomen, and all dark in colour, features characteristic of 
high altitudes. It is not surprising, therefore, that the single genus 
occurs in the Andes, from Patagonia to Ecuador, but it is surprising 
that one species is known only from the Caledon River in Cape 
Colony, where it was discovered by the late L. P^ringuey many 
years ago. This remarkable instance of discontinuous distribution 
is, I think, the chief contribution of the Dermaptera in support of 
the hypothesis of continental drift. 

III. The Senses of Earwigs 

As earwigs are lovers of the dark, it is not surprising to find that 
they draw their perception of the world rather from touch than 
from sight. 

Their eyes are of the type termed acone. That is, instead of the 
optical elements called cones occurring in most faceted insect eyes, 
there is merely a group of elongate transparent cells. This somewhat 
primitive type of eye is found also in the TipuUdce ox Daddy- 
Long-Legs and in some Bugs and Beetles. The long'' ciystal cells 
cannot form an image, and we can think only that they Imve a 
concentrating and directing effect upon the pencil of rays ^wt^; 
from the Gomeal lens. The picture must be farm^ 
of such specks of light, in a manner analogofis to 
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tone plate. It is therefore hardly surprising that Weyrauch found 
poor reaction to optical stimuli. The range of clear vision in such 
an eye, in his opinion, is not more than 1 centimetre. Earwigs are 
negatively phototropic and react more quickly to all stimuli in the 
dark than in a bright light. 

The dominant stimulus is tactile, for it takes but the slightest 
unevenness of surface on which the insect is standing to enable it 
to orientate itself. The antennse are particularly sensitive to such 
stimuli. These are in a state of almost perpetual motion, testing 
the environment during movement and even when at rest in a 
crevice the insect maintains contact with the walls around it by 
means of its antennae. If one be amputated, the function is carried 
out by the other. The behaviour of the antennae can be easily seen 
in a specimen in a glass tube of small diameter, when the earwig 
will maintain contact with the walls of the tube by means of its 
antennae. If placed in a vessel with curved walls, the earwig will 
crouch as close as possible to the wall, its body bending to fit the 
curve. If then disturbed, instead of crawling or flying away, it 
will cling all the more closely to the wall. This reaction is very 
characteristic of the earwigs, which always seek to maintain con¬ 
tact, preferably dorsal, with some solid, fixed object. This accounts 
for their preference to narrow crevices. Earwigs are in fact thigmo- 
tactic and such a reaction can be stronger even than the negative 
phototropism, marked though that be in these insects. There is 
certainly connection between this thigmotropism and their gregari¬ 
ous habits. In everyday language, we should say that they derive 
a feeling of comfort from the contact of their kind. 

Earwigs respond also to various chemical stimuli, as can be seen 
in their discrimination between a sound egg and a rotten one (v. inf,^ 
p. 29). The seat of perception of such stimuli is no doubt in the 
antennse and palpi, which are studded with minute sense organa, 

Weyrauch found earwigs a suitable subject for experiments in 
hypnosis. They have insensitive callipers by which they can be 
handled with a minimum of disturbance ; they are abundant, and in 
nature not much exposed to such stimuli as be applied. 

He found that by the excitement of a fixed point in the central 
nervous system there was formed, as a counter-reaction against 
further excitement of the ganglion cells concerned, a localised stage 
of fatigue, an inhibition. This inhibition radiates from the point 
of origin and involves other regions of the central nervous system in 
sympathy. Such a far-reaching inhibition, involving akinesis, he 
terms hypnosis. Weyrauch points out that in this conclusion he 
agrees with Mangold in Jena, with Kobimarga in Italy who worked 
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with birds and mammals, with Ten Cate in Holland who worked 
with Raja davaia, the thornbaok skate, and with Pavlov in Russia 
who worked with dogs. 

Starting from the fact that the earwig is most sensitive to tactile 
stimuli, he held one by the callipers and gently pulled it backwards 
for a distance of about 20 cm., across a sheet of paper and then 
lifted it suddenly into the air. The insect put up a resistance by 
clawing that was appreciable. The effect of hfting it was instant 
immobility. Another method is to hold down the head and anteimse 
gently with the finger. This activates the defence reflex, and the 
insect raises its tail backwards, but as the pinch reflex cannot be 
satisfied, the abdomen drops and remains immobile. He found six 
other methods by which he could induce akinesis. The difficulty is 
to avoid shook to the nervous system and such counter-irritations 
as exposure to draught, shaking, or contact where not actually 
desired, all of which spoil the effect. 

He observed a transitional stage before immobility was reached. 
The duration depends on the method employed. Naturally, the 
deeper and longer the hypnosis, the slower the recovery. He modi¬ 
fied the first method by waxing the tarsi, so that the claws slipped 
over the paper. Like this, mere contact without resistence was 
enough to mduce the condition, though not so effectively. 

Weyrauch found no difference in the reaction of the sexes and 
that none was refractory. The condition of akinesis lasts for a 
period varying from a few seconds to half an hour. His record was 
1 hour 27 minutes 23 seconds. 

IV. Vakiation in the Length oe the Foeobps 

The marked variation in the length of the callipers of the male 
earwig has long attracted the attention of biologists. In 1892 
Bateson and Brindley found evidence of a partially discontinuous 
variation in this secondary sexual character. They found that the 
male earwigs faU into two well-marked groups, those with short 
forceps and those with long. The shortest measured 2-6 mm., the 
longest 9 mm. Plotted to the millimetre, these were found to be 
grouped around 3-5 mm. and 7 mm., thus forming two peaks, a 
bimodal polygon. This conclusion was accepted without hesitation, 
and the terms “high” and “low” males passed into current 
phraseology in the hterature of the order. 

But these results have been challenged by WfiU Kuhl, who . 
criticised the methods of the English observers. They measured 
683 mal^, to approximately 0*6 mm. He handled 11,630 speeiw®*^ ' 
and measured to tenths of millimetres: they measured | 
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only; lie measured ten dimensions and ratios : they handled only 
males ; he handled both sexes and also a large number of malformed 
specimens : they plotted one graph only; he plotted dozens, and 
also made models in the soUd. His main criticism was against their 
method of collection, which resulted only in a thousand specimens, 
from which they selected the males. He maintains that the ideal 
material to measure is the entire population of the species in a given 
spot, in two or more seasons. Only then are the proportions true. 

He approached this ideal in his collecting ground in Heligoland 
and somewhat less closely at Frankfurt am Main. At a locality in 
Holstein conditions were less favourable, and the relatively small 
collection from there was the only one which gave a sign of a second 
peak. He also collected in two successive seasons. 

From this thorough method he drew definite conclusions. So 
far from there being very few specimens of intermediate length, as 
was hitherto firmly believed, he found the passage from the shortest 
to the longest imperceptible. The variation is so great that he 
scarcely found two specimens alike. There are not two peaks, but 
only one. The terms high ’’ and low ’’ must go. Kuhrs method 
was so thorough and the scale on which he worked so big, that there 
can be no question that his conclusions must override those both of 
Bateson and Brindley and of Diakonov, 

He reveals one new and interesting form of variation. He found 
a certain proportion of the forceps notably broader than the rest 
and in th^ the tips do not meet, as they do in the slender forms. 
He showed that the largest males arise from the best-nourished and 
most-vigorous larvae, but if at the critical moment of the last 
eedysis from some external cause the pressure of the haemolymph is 
inadequate completely to inflate the still soft forceps, they do not 
attain their full length. The scene is set for what we used to term 
the “ high or macrolabious form, but development is arrested. 
In other words, the short broad type with gaping tips is pathological 
in origin. Correlative to this result is his statement that the varia¬ 
tion in the forceps depends entirely upon environmental conditions 
and never upon racial, hereditary causes. Such influences may be 
internal, as the amount of nourishment absorbed during larval life, 
that is to say physiological, as Julian Huxley has suggested; or 
they may be external and physical, when due to wounds. 

There is much of interest and importance in Kuhl’s work, which 
is worth carefcil attention. 

V, MATBRNin Garb 

The construction of a nest by the mother earwig, her care of her 
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eggs, and even of the young larvae have been a commonplace of 
books on insects ever since first described by de Geer in 1756. 

It is, in truth, a remarkable phenomenon, almost if not quite 
unique among insects, to be fairly compared only with the domestic 
activities of the truly social groups. It has won the mother earwig 
a certain regard and does, in fact, really look like an instance of true 
solicitude, so that an observer may be pardoned for crediting the 
insect with affection and even sentiment of duty. 

This anthropomorphic view, however, fades in the cold Ught of 
scientific enquiry, such as has been carried out by Weyrauch, who 
shows in a convincing manner that the entire series of phenomena 
can be accounted for by reflexes and tropisms. 

In temperate Europe the common earwig is single-brooded, 
the larvae hatching in the spring. They are gregarious and this 
characteristic survives the last ecdysis, which occurs early in August. 
Consequently it is by no means rare to find assemblages of several 
hundreds hiding in suitable crannies, such as crevices in old posts. 
Sexual maturity is reached about September, which results in 
promiscuous intercourse, perhaps with temporary alHanees, which 
lasts till about the end of October, when males and females pair off. 
After November such colonies no longer occur. The insects are then 
to be found in holes in the ground, but only in pairs. From Decem¬ 
ber to February Weyrauch found seventeen nests with solitary 
females in them and sixty-two with a male and female but no eggs. 
In sixteen of these he marked the males by clipping their wings. 
On February 1 he opened the nests, and found eleven of the marked 
males still in them. Clearly monogamy obtains from November 
until oviposition. 

At the first sign of impending oviposition the mother begins to 
dig a hole or to improve an existing one, in which to spend the winter 
and rear her brood. She brings out the pellets of earth in her 
mandibles and drops them outside the mouth of the hole. This 
is from 2 to 3 inches deep, usually in some sheltered but moist 
situation. Occasionally she excavates a branch tuxmel in the upper 
portion, sloping upwards, which ensures drainage, at the end of 
which she lays her eggs. Out of many hundreds of nests examined, 
three were of this design. 

The two essential conditions for her nest are (a) a minimum 


number of tactile contacts to satisfy her thigmotropism, and 0) ,a 
definite range of humidity. Excess of moisture, howevm', is 
dangerous to the eggs than aridity. ' . . 

From the moment she starts exoavatmg her nest, 
instinct, is evoked, and-she-will' attack:; 
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appears near ter work. She tests it with her antennae, as though to 
locate it, and then swings round and nips with her forceps. This is 
very like the ordinary defence of a non-matemal earwig, but 
definitely more energetic. 

The fi ghtin g technique in the common earwig is stated to be poor. 
Goe writes that in the United States it is preyed upon by a Cicindehd 
beetle and by Sta^hylinidce. Yet Fuller saw one drive away a big 
and active Carabus, and that curious isolated species Anatcelia 
canariensis I. Bol. is a fornaidable carnivore, for Escalera saw it 
successfully attack such dangerous enemies as young Mantids. 

The most striking manifestation of this instinct is the expulsion 
of the male from the nest as soon as eggs are laid. To the mother 
he is not different from any other moving object, but the effect is 
to save the eggs from being devoured by the father. It is to be noted 
that no instance has been recorded of a male successfully defending 
himself against this divorce. 

The stimulus which activates the oviposition and this marked 
instinct of defence is no doubt the rising temperature of the ground. 

In the wild state oviposition may begin in December, but as a 
rule it does not occur tUl January, culminating in February and 
ceasing in March. The rhythm of oviposition varies considerably, 
but is constant for each individual. One may lay an egg every two 
hours, while anothfer may lay six in an hour. The maximum clutch 
recorded is seventy, fecundity remarkable in an insect less than an inch 
in length. The average clutch seems to lie between forty and sixty. 

If the nest be disturbed or become too wet or two dry, the earwig 
■mU abandon it and make another in a better site. She generally 
carries the eggs across in her mandible, one by one, to the new nest. 
This involves a frequent journeying to and fro. Weyrauch placed 
a female on a perfectly flat surface of beaten mud which gave no 
distinctive point of contact. Then he pricked out a path in such a 
way that, once the insect had accustomed herself to the road he 
could at win make her follow any direction he wished. 

This transportation of the eggs from the old to the new nest is 
closely connected with the instinct for re-assembhng the eggs if they 
are scattered. Weyrauch noticed that when a heap of eggs was 
spread over a space of 8 or 10 inches, she collected them first into 
little provisipnal heaps, and then assembled these into one. She 
appears to work by trial and error. 

The appearance of the first egg marks the crisis in her life. It 
brings into aptipn two remarkable instincts. One, to hck eggs, her 
own or any strange eggs put before her: the other, if the eggs are 
scattered, to reassemble them into a heap. 



MODEEN WOEK ON EAEWIGS 


29 


The instinct to lick eggs is stronger than the instinct to eat them. 
Before her first laying, she would devour any egg as regardlessly as 
would the male. Very occasionally a hungry, female wifi, eat the 
first few of her own eggs, hut the licldng instinct quickly overcomes. 

The eflfect of this licking and turning is the disinfection of the egg 
by the removal of the spores of fungi or other deleterious matter. 
This is the most important item in the whole equipment of the 
maternal instinct, for observation on several species has shown that 
eggs rot and become mildewed unless licked daily. But for this 
licking, earwigs would become extinct in a single generation. In 
such hygrophdous insects, the eggs are always exposed to a damp 
atmosphere without ventilation. In Ceylon, Green observed a 
Diplatys rolling and hcking her eggs. As Diplatys is at one end of 
the scale of classification and Forficula at the other end, this observa¬ 
tion suggests that this vital instinct is common throughout the order, 
regardless of latitude. 

The eggs are highly susceptible to infection by fungus, for many 
are spoilt in spite of the mother’s attention. 

They are not discriminate. When Weyrauch placed eggs of 
spiders before a mother, and even globules of wax, she treated them 
in the same way as her own eggs. The requisite conditions are size, 
rotundity and surface. If he roughed the surface of the wax eggs 
with a pin, they were rejected. Clearly, the stimulus in this instinct 
is tactile. 

There is, however, also a chemical stimulus, for the foreign eggs 
are eventually rejected during the continued process of licking and 
cleaning. This stimulus dominates the tactile, as bad eggs are at 
once destroyed, although the superficial conditions remain unaltered. 

If several broody females are put together, their mutual attitude 
is hostile. There ensues keen competition for the possession of the 
eggs, in which the strongest female always ends in collecting all the 
eggs into a single heap, which she defends successfully against the rest. 

The larva hatch about three weeks or a month after oviposition. 
Out of a total of four moults, the first two take place in the nest. 
The gregarious instinct is so strong that if they are scattered during 
the night, in the morning they will be found aU asleep together in a 
pile. The.mother is stUl useful to them for defence against intruders, 
but when she has completed her term and died, her body is stiU of 
use to the larvae, for they eat her, just as they eat their otm cast skinsi. 
Bggs taken away from the mother as soon as laid change colomr 
quickly and become mouldy. This change of colour ^ 

luting instinct, for in that case the mothet devottrs thej®-lit;OB^sn 
’ H she be separated from her eggs a cettalhtlEQej the.^r^^ 
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instinct 'witli all its separate actions and expressions is lost for good. 
It is a remarkable fact that all these manifestations of the maternal 
instinct, the digging of the nest, the defence of the home and brood, 
the re-assembly of scattered eggs, all are lost if the master-instinct 
of Hoking be checked. Once that has gone, it cannot be restored. 
When that has happened any eggs placed before her are at once 
devonred. 

There is a transition period, varying from one to four days, 
during which there is a conflict between the two instincts. When 
Weyrauch placed an egg before a mother during this period, she 
picked it up in her mouth, turned it over two or three times, and 
licked it. Then suddenly the movements of her mouth-parts began 
to slow down and finally ceased. She waited then for a period from 
ten minutes to half an hour in a state of indecision, retaining the 
egg in her mouth. Then suddenly the mouth parts began to move 
again, either to clean or ... to eat. 

The maternal care may be prolonged as much as three months 
by substituting fresh eggs for newly hatched larvse. This shows 
that the care of the brood is not dependent upon a hereditary fixed 
pCTiod, but upon the continuous presence of the necessary stimuli. 

VI. Dobs the Common Earwig Fly ? 

Although the common earwig rejoices in the possession of the 
most'highly specialised wing in the insect world, its power of flight 
has been repeatedly questioned. As long ago as 1839 Westwood 
found it necessary to bring forward “ proof of their flying,” which 
he did by describing some 60 specimens caught on palings freshly 
coated with pitch, to which some of them had their expanded wings 
stall adhering. 

Yet in 1917 Dr. Karl Verhoeff seriously questioned their power 
on purely theoretical grounds and dismissed records of their flight 
as unsatisfectory or unscientific. Two years later Mr. H. R. A. 
Mallock, F.R.S., queried their power, also on theoretical grounds, and 
quite recently L. Chopard, in his fine work La Biohgie des Orthopteres, 
stall declare himself rmconvinced. 

But all this theorising is superfluous, as there is abundant proof 
not only that the common earwig can fly, but that it does so fre¬ 
quently. Sir Edward Poulton has collected a number of instances, 
mainly indirect it is true, of mass flight, and a string of instances by 
entomologists of high standing of individuals flying. This has been 
confirmed by several writers in German reviews, of which the most 
inter^ting is the record of Herr Richter, who on a warm September 
afternoon in fifteen minutes saw fourteen earwigs flying in the sun. 



THE DETERMINATION OF TEMPERATURE 

BELOW 1° K. 
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1. Intbodtjotion. —^Until recently the milestones on the path 
towards absolute zero have been the suecessivo liquefactions of 
gases with low boiling points, the most important being air, 
hydrogen and helium. In this way the temperature regions down 
to about 60° K., 10° K. and then 1° K. have been made accessible. 
Soon after each Uquefaetion it was possible to determine tem¬ 
peratures in the new regions. This, however, was not the case 
in the newest region of all, made available a few years ago, by the 
magnetic method. The object of this paper is to describe the 
fundamental distinctions and to show how the problems peculiar 
to the new region can be solved. 

After the liquefaction of air, hydrogen and helium the absolute 
temperatures could be determined with the gas thermometer, 
which I need not describe here, by applying the equation of state 
of the “ ideal gas ” pV = const.T. This relation can be deduced 
from kinetic theory on the assumption that the atoms or molecules 
can be treated as mass-points. This means that: (a) they do not 
possess any dimensions and (6) they do not exert any forces on each 
other. The energy of the gas then consists only of the kinetic 
energy due to the disordered motion of its constituents, and if one 
puts the absolute temperature proportional to this energy one 
arrives at the equation of state of the ideal gas. 

Obviously an ideal gas cannot actually exist, for the fact that 
a gas condenses shows that there must be forces between the atoms, 
and the very small compressibility of the condensed phases con¬ 
tradicts the fet assumption. However, it is easy to see the method 
of overcoming this difficulty. With increasing dilution of the gas 
the influence of the forces between the atoms and also the effect 
of their finite size become smaller and smaller, and thus a very 
dilute gas behaves very nearly like an “ ideal gas.” If, therefore, 
readings are taken with a gas thermometer filled at increasingly 
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lower pressures, an extrapolation to zero pressure will give the 
temperatures which would have been obtained by using an ideal gas.^ 
In the new temperature region it is no longer possible to use a 
gas thermometer. The fact that the lowest temperature (0-7®), 
which has been reached by Keesom by pumping liquid helium, 
was attained only by reducing the pressure to a few thousandths of 
a millimetre, shows that there is no possibihty of using a gas 
thermometer at temperatures of this order or stiU lower; for 
obviously the pressure in the thermometer must be lower than the 
vapour pressure at the temperature in question. A few values, 
of the vapour pressure of helium below 1® K., calculated from the 
second law, show that gases practically no longer exist below 0-5® : 


T“ 

P mm. 
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P mm. 
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P mm. 

0’7 . . 

0*5 , . 
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2. The Thermodynamic Scade of Temperature. —So far we 
have taken the laws of an ideal gas as the basis of thermometry. 
It is true that this had always been the foundation of actual 
temperature measurement, but it is not the definition of tempera¬ 
ture adopted by science. This definition, which was originally 
proposed by Lord Kelvin more than ninety years ago, is based on 
the second law of thermodynamics. 

The simplest method of explaining this scale is to consider a 
Carnot cycle working between two temperature levels T^ and T 2 . 
In this cycle an amount of heat Qi is absorbed at the high tempera¬ 
ture level and an amount — Qa delivered at the low temperature, 
the diflferenoe between them being given out as mechanical work 
(W). If we use a gas as the working substance, we expand it at 
the high temperature, move to the low temperature by an adiabatic 
expansion, compress it at the low temperature and return by an 
adiabatic compression to the starting point. If we use an ideal 
gas and work reversibly we can calculate the quantities involved 
and we flind: 


W — 0,1 


Tx~T2 


T. 



■ (la) 


Qi __Q* 

% T* 


. ( 16 ) 


1 Of course the best gas to use in practice is that with the smallest inter- 
aotion forces, viz. helium. 
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If in our cycle we use any other substance, or if we use any 
other reversible procedure, for example an electrical or magnetic 
one, then the same relation must hold. If it did not, this procedure 
could be combined with the first cycle in such a way that the result 
would be an apparatus doing nothing else than using up heat 
energy and turning it into mechanical energy. The non-existence 
of this famous apparatus (the perpetual motion machine of the 
second kind) is the starting point of the second law. 

One of the two equations, (1), can now be used to define the 
temperature. We have still to choose the unit in which it is 
measured and for scientific purposes the Centigrade scale is generally 
adopted. We divide the difference between the boUuig and the 
ficeezing points of water into 100 degrees and by carrying out a 
Carnot cycle between the two temperatures we can find the absolute 
temperature of the ice-point (Tj.); It follows from (16) that 

Qi/(T^ + 100) = - Qa/T^ and therefore T^, = 

measurement of Qi and Qa, therefore, gives the absolute tempera¬ 
ture of the ice-point, and this result must be the same as would be 
obtained by calculating it by means of the laws of an ideal ” gas. 
It may be noted here that at present the best value for the ice-point 
in the absolute scale is 273* 15® K. 

It is true the thermodynamic scale and the scale of the “ ideal 
gas ’’ must lead to identical results, as equations (1) have been 
derived by means of the laws of an “ ideal gas/’ But we have now 
arrived at a definition of the temperature scale which is independent 
of the use of any special substance and is only based on the very 
general property of heat which is expressed by the second law.^ 

3. An Exampi®. —^For the practical realisation of the thermo¬ 
dynamic scale it is not necessary to carry out an actual Carnot 
cycle whose experimental errors would generally be prohibitively 
large. Theoretically every law deduced from the second law of 
thermodynamics can be used to establish the temperature scale, 
some being more convenient experimentally than others. I shall 
illustrate the thermodynamic establishment of this scale by one 
simple example, the steam engine. 

The work done by this engine can be derived from two different 

should be mentioned that the sorcalled International temperature 
scale which is adopted by law in most civilised countries appmximates to 
the thermodynamic scale as closely as experimental accuracy alldv^ jxi 
this scale certain temperatures are taken as fixed, the valx^ being giyeb 
by the most accurate deterininaiioxis, and the instruments for 

illrijA 'iuakTnr\£in»o4ri'i’n£kC9 ivi {rt-f.^Wvnforl'fO+jek -ncimri'nO' <1.-^ 
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points of view. From the purely mechanical one the work done 
is determined by the saturation pressures at both temperature levels 
and the volume changes. On the other hand the Carnot cycle gives 
the work done as the amount of heat flowing from the higher to the 
lower temperature level (in this case the heat of evaporation) multi¬ 
plied by the temperature difference and divided by the absolute 
temperature. Therefore there must be a connection between the 
change of equilibrium pressure with temperature, the absolute 
temperature, the heat of evaporation (1), and the volume changes 
(dV), and this is the well-known formula of Clausius-Clape 3 T:on: 


dp _ A 
dT ■" 


( 2 ) 


If the heat of evaporation and the volume difference between 
the Hquid and the gaseous phase are given, there is only one value 
of dp/dT which is in agreement with the second law. Any other 
value would permit the construction of perpetuum mobile of the 
second kind. 

We can now use this formula for the determination of the thermo¬ 
dynamic scale by means of the equilibrium between a liquid and 
a gas. We start at a temperature T^,; we then lower the temper¬ 
ature to Tg and measure continuously the heat of evaporation and 
the difference of volume between the phases as functions of the 
equilibrium pressure. It follows from equation (2) that 



If for instance T,, represents the bofling point of water and Tj the 
freezing point, then by putting — Tj, = 100° again, we would 
arrive at a thermodynamic determination of the ice-point. If, 
however, is already known in the absolute scale (and is for 
instance the boiling point of helium), then by proceeding in 
the ihaoner described we can determine the temperatures below 
this as long as it is possible to determine d V and A as functions of p. 

4. The thermodynamic scale can be expressed from another 
point of view—namely, that of the entropy. The second law leads 
to a deflnition of a quantity, the entropy, which is a potential, that 
is, it depends only on the state of the system and not on the marmar 
in which that state is attained. It is shown that the change of 
entropy is given by summing the amounts of heat with which the 
systemi is supplied in a reversible manner, divided by the absolute 
tmpmtnre. If an amount of heat Q is supplied to the system 
at a constant temperature the entropy is increased by the amoxmt 
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= Q/T. If this temperature is changing, the change of entropy 
is given by 

JS = . . . . (4) 

If we carry out a reversible adiabatic process dlQ equals 0, and the 
entropy remains constant. The second law can be stated in terms 
of entropy in the following manner : The entropy of a closed system 
can only increase or, in the limiting case of reversible changes, 
remain constant. 

Boltzmann has given the statistical interpretation of the second 
law. He has shown that the entropy is a measure of the probability 
of the state of a system or, in other words, of the disorder which 
is present in it. The fact that the entropy always assumes the 
largest possible value in a closed system means that Nature prefers 
the most probable state, that is the state of greatest disorder. 


^2 

B, 
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Fig. 1. 



We shall now consider a Carnot cycle in the so-called entropy 
diagram (Pig. 1) in which the entropy is plotted as ordinate and 
the temperature as abscissa. We start with an isothermal expansion 
from Ai which brings us to Bi. We continue with an adiabatic 
expansion which results in a lowering of temperature from Ti to T,. 
We then move in an isothermal way from B a to A a and finish with 
an adiabatic compression to A^. Obviously the entropy changes 
at both temperatures are the same and thus we see relation (16) 
Qi/Ti = — Qa/Ta illustrated in a different way. (The amount of 
heat connected with a reversible change from one state of a system 
(D) to anbther (E) can easily be shown on the entropy diagram, as 
is seen on Pig. 2. The shaded part is equal to this amount of heat' 

as Q = jTdS.) 

We can now express the essence of the thermodynamic del^ 
mination of temperature in the following way: H we have t«ro- 





SCIENCE PBOGBESS 


36 

states of a system and we can determine both the entropy difference 
between them and also the amoimt of heat that has to be supplied 
to the system reversibly to get from one to the other state, then T 
is given by Q/zlS. In other words, if we know that a certain amount 
of heat gives rise to a certain change of entropy (that means creates 
a certain amount of disorder), then we know at what temperature 
the heat has been supplied to the system. If the same change of 
entropy (the same increase in disorder) is effected in one case by 
a small supply of heat and in another by a large amount, in the 
first case the temperature is low and in the second high. 

Although the principles of the thermodynamic scale have been 
known a very long time, in practice it has hardly ever been applied. 
The reason is that until a few years ago, it was always possible to 
reahse this scale with the gas thermometer which was simpler and 
more accurate than the thermodynamic method. In consequence 
the determination of temperature and the gas laws are intimately 
connected m the minds of nearly every physicist, and the thermo¬ 
dynamic foimdation of the temperature scale is unfa mili ar to most 
of them. This fact has become evident recently when in the new 
region below 1° K, as we shall see, there was no alternative to the 
thermod 3 aiamic method of determi ni ng temperatures. It therefore 
seemed advisable to explain the principle in detail. 

6. The Magnetic Method : I.—now have to discuss the 
situation in the new temperature region attainable by the magnetic 
method. This is not the place for a detailed d^Gri;^on of this 
method and readers who wish to know more are referred—for 
instance—^to an article by the author in the Hcmd^^iKik of the Science 
Mmeum (Book 3, Very Low Temperatures, 1937). But I shall 
have to say a few wor^. on the principles. 

Let us for this purpose look at the entropy diagraih representing 
/ the Camot cycle (Fig. 1). The act of lowering the temperature 
comists of an adiabaiuc expansion, a,n isentropic process. We can 
carry out such a process because the entropy of a gas depends also 
on its y(fin3Ene, ami by changing this adiabatically and reversibly 
the temperature must necessarily change. It is because the “ dis- 
OTtbr ■’ hi a gm depends to a great extent on the volume—^besides, 
eoarse, on tempetrature—that gases are such an effective means 
temperature. Once the gas has been condensed, it 
; - into a system of a much higher state of order, and 

can no Icmger alter the temperature effectively by adiabatic 
f; -ac&ai^ea of y<dume. Thus there comes a temporary halt on the 
way down to absolute zero when the possibilities of the gas with 
ike lowest boiling point have been exhausted. 
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A way out of this situation was proposed by Debye and by 
Giauque, who pointed out that there are other systems—namely, 
some paramagnetic salts—in which a great disorder still prevails 
even at the lowest temperatures attained so far, and that it should 
be possible to use these systems to penetrate to lower temperatures. 
The existence of this disorder within the system is proved by the 
fact that, even at 1° K, these salts exhibit a magnetic susceptibility 
that is inversely proportional to temperature, i.e. they follow Curie’s 
Law. It can be shown that this law is fulfilled if the elementary 
dipoles are free to point in any direction, or at least if the directions 
allowed by the quantum rules are equally probable This means 
that there are no interaction forces present which will make any 
one of the directions more probable than the others. 

I cannot give here the theoretical explanation for this rather 
unexpected behaviour which, however, is fully explained by modem 



theory. Certain ions containing unbalanced electron spins supply 
the necessary elementary magnets and by building them into a salt 
containing very many other constituents—^generally alums contain¬ 
ing much water of crystallisation—^the interaction between the 
dipoles becomes small because of the great mutual distances. The 
historic salt of this kind was gadolinium sulphate, but later many 
more have been found. 

There being no force to direct them, the dipoles are oriented 
at random owing to the influence of thermal motion. Thus we 
have a high state of disorder present or a big entropy. If, however, 
we apply a magnetic field, this tries to oMer the dipoles and thus 
diminishes the entropy. With such a salt, therefore, we can now 
effect similar changes as with a gas, the volume chaise of the latter 
being replaced only by the change of ma^etisation. 

In Sig. 3 the entropy of such a salt at low temperatures is piott^i i 
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For sake of simplicity the entropy due to the thermal vibrations of 
the lattice is neglected altogether, but this very nearly corresponds 
to the actual facts, as these degrees of freedom have practically 
died out in the helium region. The entropy in zero field (o) is 
therefore a constant, the only disorder in the system being due 
to the random distribution of the magnetic dipoles. By magnetising 
the salt isothermally we diminish the entropy and to db this we 
have to carry away an amount of heat Q = T-dS. In our figure 
this brings us to the point H. If we now take the field away 
adiabatioaUy, we move along a line parallel to the T-axis (as S 
has to remain constant), and we end at the intersection of that 
parallel with the curve a. 

In our figure, as we have no such intersection, we would arrive 
at absolute zero, but according to the third law of thermodjmamics, 
Nemst’s Theorem, this cannot actually happen. This law postulates 
that all systems lose their entropy completely at absolute zero— 
they pass into a state of perfect order. Thus we have to expect 
that the curve cannot continue for ever as a parallel to the T-axis, 
but must bend down somewhere and end in the origin, for instance, 
as indicated by line a'. Then a demagnetisation does not carry 
us to absolute zero, but to a temperature corresponding to point F. 

The atomistic explanation of the entropy of the paramagnetic 
salts finally dropping to 0 is that the dipoles are not absolMdy free, 
but that there exists interaction forces, albeit very weak ones. 
Finally, however, they force the system into an ordered state even 
without an external magnetic field. This will happen in the temper¬ 
ature region where the interaction energy becomes of the order of 
the thermal energy M. Thus we can define a characteristic temper¬ 
ature 6 as ■u/fe (« = interaction enei^y) and it will be this order 
of temperature that we can reach with a demagnetisation. It 
should be mentioned that the observed values of 0 are of the order 
of 1/100° to 1/10° K. 

6. The Maonetio Method : 11.— The actual experiment consists 
in magnetising a suitable paramagnetic salt at the lowest temperature 
; that can be reached by evaporating liquid helium (roughly 1° K.), 
salt being in heat contact with the bath. After the heat of 
ma^iketisaiiQn has been carried away to the bath the salt is thermally 
iiMtilatal. The magnetic field is removed and the salt eeols. To 
determine' the temperature reached by the salt we must choose 
aomo propCTty of the salt that depend on temperature and it is 
obvious that the simply one is the magnetic susceptibility of the 
, sdt itself. This susceptibility must then be correlated with temper- 
afrire. We have seen that in the region between 1° K. and 4° K., 
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the susceptibility of the salts which are used in the magnetic method, 
follows Curie’s Law. This suggests that an extrapolation of this 
law might be used for calculating a provisional temperature (denoted 
by T*) and in fact this has been done by all experimenters working 
in this field. To give an example : we measure the susceptibility 
by means of a mutual inductance placed round the salt and the 
defiection of a ballistic galvanometer (5) is proportional to the 
susceptibility. By calibration between 4° K. and 1° K. we find, 

for instance, — If after demagnetising we observe a 

deflection of 2000, it therefore follows that T* = 0*050°. 

However, it is easy to see that such an extrapolation is bound 
to give wrong results. Curie’s law is valid as long as the magnetic 
dipoles are absolutely free, and we have seen that in this case every 
demagnetisation would bring us to absolute zero. The fact that 
this has not happened shows that an extrapolation of Curie’s Law 
is not justified. It is true that, if the final temperatures reached 
are high compared with the characteristic temperature 6, the T* 
can be expected not to differ very much from the real temperatures, 
but when demagnetising from big initial fields we must reach 
temperatures where the differences between the T* and the real 
temperatures becomes appreciable. The fact that, in some cases, 
at very low temperatures the susceptibility has been found even to 
faU with decreasing temperature after having passed through a 
maximum is a striking demonstration of this. 

It might be thought that we could use a device similar to that 
used with the gas thermometer which was filled with successively 
smaller concentrations of gas, and then by an extrapolation to zero 
concentration obtain the absolute temperature. The analogous 
procedure here would be to bring a second paramagnetic salt in 
thermal contact with the first salt and to derive the temperature 
from the susceptibility of this thermometric substance ” instead 
of from the salt itself. We could try to approach the ideal state 
by decreasing the concentration of the magnetic ions. This could 
be done by forming a mixed crystal between the paramagnetic salt 
in question and an isomorphous non-paramagnetic salt. We could 
then measure the T®^ of the thermometer as a function of the concen¬ 
tration and an extrapolation of the T* to zero concentration would 
give the absolute temperature. 

Theoretically that is possible—at least in some cases—^but in 
practice it would be very diflBcult. It is qidte simple to insert a gas 
thermometer in a liquefied gas and to measure the effect of deoreasfr^ 
concentration in the gas thermometer on the pr^ure, as a 



SOIENCB PROGRESS 


40 

mechanical wall divides both parts of the system completely. But 
in our case the situation is different. We cannot localise the 
magnetic fields, and if we tried to measure the susceptibility of our 
thermometer we would get a mixtum compositurn, with that of the 
salt that has been used for the cooling. We could only avoid this 
by having the salt and thermometer so far ap^t that the mutual 
influence would be negligible, but at the same time they must be 
in thermal contact. With the present state of experimental 
technique that is very difficult and therefore this method cannot 
be used. 

7. The Thermodynamic Scale in the “ Magnetic ” Region. 
—^We see therefore that the only possibility left is to establish the 
thermodynamic scale. After what has been explained it is simple 
to see how this can be done. 



To fix our ideas let us assume we want to determine the average 
temperature of the points Fi and (Fig. 4). We know that they 
correspond to deflections of the galvanometer, 6i and <52, and that 
they have been reached by demagnetising from 1° K. and from the 
fiel^ Hi and H 2 , We have now to find out (1) the difference in 
heat content, (2) the difference in entropy between Fj and Fj. 

(1) To find the difference in heat content, i.e. the amount of heat 
^oessary to heat the sample from Fi to Fj, we have to measure the 
spe^o heat of the salt, which in principle offers no difficulties. 

(2) To determine the cfifference in entropy we have te measure 
the amount of heat developed in moving from line I to line 2 at 

. a temperature known in the absolute scale. For example, this can 
be done by measuring the heat of magnetisation when increasing 
V ^he field from H 2 to Hi isothermally. (An alternative way is to 
h^t the sample at a constant field in the region where the 
temperature is known, i.c. at or above 1° K.) 
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Thus we see that both Q and AS can be measured and therefore 
the absolute temperature can be determined. It may be useful to 
consider the procedure in terms of the Carnot cycle by subjecting 
the system to a change analogous to that in Fig. 1. The only 
difference between this cycle and that in Fig. 1 is that the change at 
the lower temperature is not strictly isothermal. This has no 
consequences in principle but only means that we measure the 
average temperature of Fi and Fg, a difference that vanishes alto¬ 
gether by making Fi — Fa infinitesimal. 

So much for the general scheme of procedure. There are many 
ways of carrying out the actual experimental determination, for 
instance, those proposed by Giauque, Keesom, Kurti and Simon, 
de Haas and Wiersma (a full list of the literature on this subject is 
given in a paper by Kurti and Simon, PML Mag,, 26, 840, 1938). 
The choice between them must be determined by the particular 
experimental conditions, and there is especially one experimental 
difficulty which must be discussed—namely, the measurement of the 
specific heat. For the heat conductivity of these salts is so bad 
that the normal way of heating, viz. the heating coil, does not 
give an homogeneous heating and therefore cannot be applied to 
thermodjmamic measurements. 

Kurti and Simon have overcome this difficulty by heating the 
sample with y-rays. The energy carried by a normal source of 
y-rays is very small and moreover only a small percentage of it is 
absorbed by the salt, but the greatest temperature interval over 
which we have to heat is only and thus it is quite possible 
to carry out the measurement in a reasonable time. For example, 
a 200 millicurie source of y-rays, at 5 cm. distance, will in four hours 
heat iron alum fi?om the lowest temperatures attainable to K* 
Obviously heating by y-rays is homogeneous to a very high degree 
so long as the incident radiation is homogeneous over the whole 
sample.^ To ensure this, when working with large samples, two or 
more sources are placed in suitable positions and rotated round 
the sample. 

I do not wish to discuss this technique of heating in greater 
detail, but I must mention that it is difficult to determine the 

^ An alternative method of heating a sample homogeneously is to mis 
a small amount of radioactive substance with it. For example, to get the 
same heating as described above, 1/100 millicurie of polonium h^ to be 
m^ed with every cubic centimetre of iron alum. In this case most of ^e 
heatmg is done by a and ^ rays which are all absorbed withm the 
The ffisadvantage of this method is that it is never possible td j^p 
the. sample. ' 
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absolute amount of heat supplied to the sample, and therefore any 
method which does not depend on the absolute values of heat 
supplied has an advantage. A method that fulfils this condition 
has recently been described by Kurti and Simon and as at the 
same time it gives a simple illustration of how to establish the 
thermodynamic scale, I shall describe it briefly. 

Let us assume that by demagnetising from 1° K. and 10,000 
gauss we have reached a point corresponding to a galvanometer 
deflection of 2010. We then carry out two experiments: ( 1) we 
place a radioactive source at a given distance from the sample and 
measure the time necessary to heat it until the deflection has fallen 
to 1990. We find that this takes 60 sec.; (2) again we begin at 
a deflection of 2010, but now we switch on the original field of 10,000 
gauss and then begin to heat. We continue to heat for such a time 
that, after switching off the field, again we end with a deflection of 
1990.’- Let us say that this takes 1000 sec. In the latter case the 
temperature is known in the absolute scale as by switching on the 
original field we have arrived at the original temperature * of 1°. 
As the temperatures must be proportional to the amounts of heat 
which are themselves proportional to the times of heating we now 
know that Tljl° — 60/1000 or = 0-060° K. This temperature 
corresponds to a T* = 0^060®, according to the calibration formula : 
d = 100-Q/T*. 

; The tWmpdyna,mio scale has been established experimentally 
by (^iauque «nd McDougall for some gadolinium salts in the region 
down to 0*$°, and by Kurti and Simon for iron alum down to 0-03°. 
It has appeared from these experiments that, as had been expected, 
the T* did hot differ very much from the actual temperature down 
to the order of magnitude of the characteristic temperature 6, but 
that below this temperature very great differences occurred. 

8. SECOsmABY Thbkbtometebs. —^In this way the foundations 
of the absolute temperature scale in the new region have been laid. 
It might be supposed that once the scale had been established for 
one salt it would only be necessary to calibrate a number of secondary 
thermometers against this salt and the determmation of temperature 
below 1® K. would be accomplished, but this is not so. We have 
already seen that the simplest secondary thermometer, i.e. a salt* 
OKhluated agmnst the absolute temperature, is not of mu(^ use in 
eystmas coolai down with other salts as it is very difficult to avoid 

^Tlie correct time can be interpolated from two experunents. 

. : ;* ;ABUiB t^peratiue has been raised slightly by the heating, a somewhat 
deki than the original has to he applied, the magnitude of which 
can easily he found out by interpolation between two experiments. 
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the mutual influence of the two salts. It is true that during the 
last few years a number of secondary thermometers of the resistance 
type, to which this objection does not apply, have been developed 
in different laboratories, but here other difficulties arise. They do 
not he so much in finding materials whose resistivity is still suffici¬ 
ently temperature dependent for them to be used as thermometers, 
but in ensuring that the temperature shown is that of the system 
as a whole. 

It has been mentioned that the thermal conductivity of the 
salts used in the magnetic method is very bad indeed, so bad that 
at very low temperatures equihbrium is not established for several 
hours. As the salt is always subjected to a heat influx from outside, 
a thin layer on the outside has a much higher temperature than the 
bulk of the material, and therefore a thermometer wire wound 
round the sample wiU not show the temperature of the inner part 
of the sample. The difference between the temperature measured 
and the temperature required wiU be further increased by the heat 
influx down the wires leading to the thermometer. As the electrical 
resistance of the wire at these low temperatures is very sensitive to 
impurities and mechanical strain, bending or any other deformation 
can influence the resistance appreciably, and therefore any arrange¬ 
ment in which the thermometer is surrounded by the salt but 
subjected to deformation is also excluded. It is outside the scope 
of this paper to discuss how, eventually, it will be possible to over¬ 
come these difficulties. At the present stage—although secondary 
thermometers have some field of application—^they cannot be used 
for all purposes. For some time, therefore, it will be necessary to 
use as thermometer the susceptibility of the salt which served to 
attain the low temperature, and to correlate the susceptibility to the 
absolute temperature in the thermodynamic way described above. 

9. Still Loweb Tempbbatubbs. —^It has been pointed out by 

Kurti and Simon and by Gorter that it will be possible to attain 
still lower temperatures by replacing substances with electron spin 
paramagnetism by those with nuclear paramagnetism. In this case 
the interaction energies and thus the characteristic temperatures 
are obviously much smaller. It is premature to go into details at 
present as the experimental difficulties have not yet been overcome. 
But if these lower temperatures are attained the determination of 
temperature will follow the same lines as those indicated in the 
electron spin region, and no new difficulties of principle will be 
encountered. < J; 

10. LndTTAmM OB the Notion OB TBHBBiUTt^ 
question, however, is whether we are still justified in 
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physioal meaning to any particular value of the temperature when 
approaching very near to the absolute zero. Heat is the disordered 
motion of the atoms or molecules and therefore all thermal properties 
are of a statistical character. It is obvious that one cannot speak 
of the temperature of a single atom ; more generally, if the number 
of degrees of freedom of a system becomes very small the fluctu¬ 
ations of the thermal quantities may become big compared with 
their absolute value, and at any given moment it is meaningless to 
describe the state of the system by the values they happen to possess. 

I will illustrate this by an example from a more familiar field. 
We can attach a perfectly good meaning to the statement that the 
death-rate is 1/10 per cent, per month in a town of, say, 100,000 
inhabitants, and we can draw conclusions as to the state of health 
of the town from this figure. But if we consider a small community 
with only 10 inhabitants the death rate will be zero for several years 
and then if one of the inhabitants dies it will jump suddenly to 10 
per cent. It will then drop to zero again for a long time. Obviously 
it would be wrong to say ^ that the community is very healthy for 
a long time and then extremely unhealthy for a short time. 

We are faced with a similar situation in thermal systems if they 
possess only a few degrees of freedom. Thus it is to be expected 
tl^t we can safely speak of the temperature of a system if it consists 
GBij of ^ sufficient number of components, a condition always 
feffilfed if^^ system is large compared with the 

l^y^iigths of visible light, i.e. if it can be seen. This expectation 
wooM be i^t according to the dassioal theory but, as has been 
pointed out by Planck and by Schaefer, this is no longer true in 
quantum theory. WMe in classical theory every component of 
the system can have any energy, however small, we know now that 
the eneigy is subdivided into quanta. It is obvious that this must 
have the same effect as a reduction of the number of the particles : 
a pM^cle in zero quantum state does not count at all for our pur- 
pcffi©. Thus for every system, of whatever number of particles, 
"thebe exi^ a temperature below which it becomes effectively a 
eystma of few degrees of freedom. Planck and Schaefer have shown 
only when the temperature is big compared with 0/N^ 
; 6 is the oharacteristie temperature and N the number of 

‘ \ V:i ^ is quite true, of course, that by averaging over long periods of time 
obb pm draw some conolnsions in such a system with few degrees of fmedom. 

the oharai^^ temperature we have to take the smallest energy 
wtdeh degr^; of freedom can assume divided by Boltzmann’s constant, 
fhua in the case of a paramagnetic salt we arrived at the 6 already discussed 
:^ove. if the energy of the system consists only of the thermal vibrations, 
We acciva at the Debye d. 
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atoms in the system) that the system can be regarded as having 
sufficient degrees of freedom. 

It is of interest to discuss whether in practice we can attain 
such a temperature. We have here to distinguish two cases : The 
first is whether it is possible for the system with which we attain 
the low temperature to become finally a system with an insufficient 
number of degrees of freedom. Our immediate impression is that 
this is impossible, as a system of few degrees of freedom only can 
not possess sufficient heat capacity to be useful for the purpose of 
reaching low temperatures, and this impression is right: We have 
seen that we can attam with any process temperatures of the order 
of magnitude of d (where 6 is the characteristic temperature 
coimected with this process). Combining this fact with Planck- 
Schaefer’s relation, we find, as a necessary condition for such a 
system to remain one possessing sufficient degrees of freedom, that 
the number of particles must be large compared with 1 and this is a 
trivial condition. It follows, incidentally, that, however low a 
temperature we reach, there will always be a system of a reasonable 
volume with sufficient degrees of freedom to measure it. 

Secondly, is it possible to cool another system to such a temper¬ 
ature that it becomes a system with insufficient degrees of freedom ? 
This is certainly possible. It can easily be calculated that already 
at 0-01° K. a cube of diamond^ of 1/10 mm. side will be in such a 
state, and we can, of course, cool such a piece to 0-01° K. or lower, 
by putting it in thermal contact with a paramagnetic salt. Natur¬ 
ally there will be very big fluctuations within the diamond and after 
breaking the thermal contact one can only predict with considerable 
uncertainty what the state of the insulated piece of diamond will 
be. What will happen, if we now bring the diamond in contact with 
a thermometer ? This thermometer must necessarily possess many 
more degrees of freedom than the piece of matter whose temperature 
it is supposed to measure. Consequently the state of the thermo¬ 
meter will profoundly change the state of the diamond, and one is 
faced with difficulties very similar to those familiar in discussions on 
the uncertainty principle. 

11. The Log T and the 1/T Scale. —^The last point to discuss 
is whether our familiar definition of temperature is the most con¬ 
venient that could have been chosen. The measurement of temper- 
atiire differs from the measurement of most other quantities in that 
it is not sufficient to define the unit but it is also necessary to define 
what is meant by temperature. The present definition of tetap^Ev; 

^ The Debye oharacteristio temperature of diambiwi is about 
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atiare is given by the equation (16), Qi/Ti = — Qa/Tg, or what is 
equivalent, the temperature is proportional to the energy of an 
ideal gas. But other definitions are also possible. For example 
a new scale ti could be defined in such a way that Ti is proportional 
to log T. In this case a Carnot cycle working between the upper 
and the lower end of each degree of this scale would have the same 
efficiency over the whole scale. It would also be possible to define 
a temperature tg as proportional to 1/T. 

It is, of course, not possible to say that one scale is right and the 
others are wrong, as this is only a matter of definition, but we can 
discuss whether one scale is more convenient than the others. Both 
the Ti and Tg scale would differ from our old T scale in that absolute 
zero would be shifted to infinity and this particular distortion of 
the scale would have some advantages for the low temperature 
physicist. For him the degree between 101° and 100°, for example, 
is much less extended than that between 2° and 1°, not to speak of 
that between 1° and 0°, We have also seen that absolute zero is 
unattainable,^ a fact which would certainly support the claims of 
one of the r scales and for these reasons the adoption of one of the 
T scales has lately been sponsored in various quarters. 

I do not think, however, that it will be worth while to make the 
change. First we would have to alter all our formulae to the new 
scale, and it is simple to imagine the many strange results if we 
give up the proportionality of the new temperature ’’ to the kinetic 
energy. For instance, the specific heat of an ideal gas would vary 
with the temperature and so on. Also aU our tables would have 
to be recalculated, and in view of the enormous amount of material 
accumulated by physicists, chemists and engineers the amount of 
labour involved seems out of all proportion to the advantage which 
might be gained. But I do not think that we need be afraid of 
such a change happening. If, as it seems, the c.g.s. system is not 
adopted in Great Britain and the United States merely because 
the change over would lead to some inconvenience, it does not 
appear likely that a different temperature scale will be introduced 
for which there is infinitely less reason. 

^ At first sight it might be thought that, as in the r-scales absolute zero 
becomes infinite, the unattainability of absolute zero becomes a triviality. 
This, however, is not true. A new fact—decided by experiment—cannot be 
made superfluous by a mere mathematical transfonnation. 
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The announcement of the discovery, in the atmosphere, of an 
isotope of oxygen, mass 18, was made by Giauque and Johnston 
{Nature, 1929, 1^, 318). The evidence, given later {J. Amer. 
Chem. Soc., 1929, 51, 1436) consisted in the examination of the 
atmospheric absorption spectra from the data given by Dieke and 
Babcock {Proc. Nat. Acad. Sci., 1927,13, 670). It was found that 
the lines of the very faint A' band, which appear to be a duplicate 
of the lines of the A band (which are due to oxygen) agree very 
closely indeed with calculation for the absorption band of an oxygen 
molecule built up from an atom of mass 16 and one of mass 18. 
In a second paper {J. Amer. Chem. Soc., 1929, 51, 3628) from a 
study of further data of Babcock {Proc. Nat. Acad. Sci., 1929, 15, 
471) the above authors give evidence for an isotope of oxygen mass 
17. They estimate, from measurements of the relative intensity 
of the lines (Babcock, loc. cit., and Nature, 1929, 123, 761), that 
“0 is present to the extent of 1 part in 1250, and about 
1 part in 10,000. The value for “0 has since been revised. 

Many attempts have been made, by different methods, to 
concentrate the “0. 

The fractional diffusion method of Hertz {Z. Ph/ysik, 1934, 91, 
810) and Barwich {ibid., 1936,100, 167) gives a sufficiently increased 
concentration for experimental use, but the quantity obtained is 
small. 

Urey and Greiff {J. Amer. Chem. Soc., 1935, 57, 321) calculated 
the equilibrium constants and enrichment factors for a number of 
exchange reactions, and suggested reactions for the separation of 
isotopes. In the case of water and carbon dioxide, the “0 is 
concentrated in the latter : 

2H,«0 + ^ C^Oa + 2 H:j“0 

The fractionation factor is 1-047. This result was confirmed by 
Webster, Wahl and Urey {J. Chem. Physics, 1936, 3, 129) who 
passed carbon dioxide through water (from which the deuterium 
had been mostly removed) in spiral wash bottles and thmi passed 
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the carbon dioxide together with excess hydrogen over a nickel 
catalyst to give water. It was found that the density of the water 
obtained from the carbon dioxide was 0-9999892, compared with 
the density of the water in the wash bottles which was 0-999979. 
Thus the found difference in density was 10-2 parts per miUion 
± 1 p.p.m. and the calculated difference, using 1-047 as the frac¬ 
tionation factor, 10-3 p.p.m. 

Although this method does not appear to have given successful 
results in the concentration of heavy oxygen, heavy nitrogen has 
been concentrated by a similar reaction. 

The vapour pressure of differs only slightly from that of 

Ha^O. Wahl and Urey (J. Ch&m. Physics, 1936, 3, 411) find that 
the ratio of the vapour pressure of Ha“0 : Ha^O is 1-012 at 11-25°, 
and 1-0077 at 46-36°. By extrapolation they obtain the figure 
1-003 at 100°; and by calculation from the results of Lewis and 
Cornish {J. Amer. Ckem. Soc., 1933, 55, 2616) an average value of 
about 1-005. While these figures are only approximate, they indi¬ 
cate that very efficient columns are necessary for fractionation. 
The latter workers, using a 20-foot coluron, obtained differences 
of density of 60 to 80 p.p.m. between the water at the top and 
bottom when equilibrium was reached. It was necessary to run 
the ^ill for two days in order to reach the stationary state. 

■ Huffman and Urey (Ind, avd Eng. Chem., 1937,29, 531) obtained 
a fivefold increase in the concentration of the heavy oxygen in 
watOT usii^ a special stUlj built in seven sections. Each section 
was 5 feet long and 6 inches in diameter and was fitted with 87 
alternately fixed and rotating cones. The object of these cones 
was to give as large a siirface of contact between liquid and vapour 
as p(^ible to enable rapid equilibrium to be reached. The surface 
■of the <X)nes was kept covered with a film of water by the rotation 
of the alternate sets, which forced the liquid flowing down the 
column over the surfaces. 

During the fractionation of water, the deuterium concentrates 
at a greater rate than the heavy oxygen, and it was found by Urey, 
Pegrain. and Huffman {J. Chem. Physics, 1936,4, 623) in one experi¬ 
ment, that during the tune the concentration of the heavy oxygen 
had been ihpreased by three times the natural abundance, that of 
the deuterium had b^n increased by about forty times. So that, 
although ordinary water contains some ten times less deuterium 
than heavy oxygen, a stage is fairly rapidly reached at which the 
: incanased density is due more to the former than the latter. 

Heavy oxyg«i water normalised with respect to hydrogen may 
be prepared by electrolysis in a divided cell, and recombining the 
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oxygen with cylinder hydrogen (as this hydrogen, prepared by 
electrolysis of ordinary water, may be from 5 to 10 p.p.m, light, a 
correction must be applied). 

Attempts to concentrate heavy oxygen by the electrolysis of 
ordinary water have shown that the separation obtained is very 
small. Thus Selwood, Taylor, Hippie and Bleakney (J. Amer, 
Ohem, Soc., 1935, 57^ 642) found that by electrolysing 117 litres 
of water down to 1 c.c. the concentration of was increased only 
by 10 per cent., actually from 0*202 per cent, to 0*222 per cent. 
This gives a separation factor a = 1*0088. They calculated that 
in order to obtain 1 c.c. of 99*5 per cent. Ha^^O, it would be neces¬ 
sary to start with 10®®® c.c. of ordinary water, which is more than 
all the water on the surface of the earth. 

A number of workers have determined the proportion of to 
^®0. Thus Bleakney and Hippie {Physical Rev,, 1935 (ii), 47, 800), 
by mass spectrographic analysis of over 100 samples of oxygen 
from various sources, obtained an average value of 1 to 500. Con¬ 
siderable differences were found between different samples, and 
these authors therefore suggest, as also have other workers, that 
for refined atomic weight determinations, a simultaneous isotopic 
analysis is also necessary. 

The relative proportion of heavy to light oxygen in air and in 
water has been determined by Jones and Hall (J. Amer, Chem Soc,, 
1937, 59, 259) who have made a study of the reaction : 

2 Hai 80 -f- isQa 

This was carried out by passing clean dry air, mixed with the vapour 
from water at 90° to 95° C., over a platinum wire heated electrically 
to 1800° A. The steam was condensed, and the water recirculated 
until equilibrium was reached in some three days. The water was 
then found to have increased in density by 7 p.p.m. Other workers, 
to whom reference may be made in the above paper, have obtained 
results of the same order, differing only by about ± 1 {e,g. 

Dole, J, Chem, Physics, 1936, 4, 268 ; Morita and Titani, Bull. 
Chem, Soc, Japan, 1936, 11, 36 ; 414). 

Greene and Voskuyl (J. Amer, Chem, Soc,, 1936, 58, 693), in 
offering an explanation of this difference, point out that the carbon 
dioxide in the atmosphere is almost certainly in equilibrium with 
water (c/. Webster, Wahl and Urey, see above). Thus the oxygen 
is heavier in the carbon dioxide than in the water. When pWts 
take up a molecule of carbon dioxide and one of water, they return 
a molecule of oxygen to the atmosphere and build one atom of 
oxygen into the plant structure: 

nCOj -J- 7^H20 — > (CSEaO)» -f nO, 
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Of the two atoms in a molecule of oxygen thus returned to the 
atmosphere by the plant, at least one, and possibly both, must 
come from the carbon dioxide, and from this it follows that the 
oxygen in air would be expected to be heavier than that in water. 
For a discussion of other possibilities, reference may be made to 
a paper by Bole (J. Chem. Physics, 1936, 4, 272). 

The determination of the density of water from various sources 
has been made by Dole (Zoc. cit.), who electrolysed the different 
samples and combuxed the oxygen with a sample of (light) tank 
hydrogen. He obtained the following figures: 

Water from Lake Michigan . . . . y = — 12*2 

Water from Atlantic Ocean . . . . y — — 10*6 

Water vapour from atmosphere . . . . y = — 13-7 

the differences in density being due to the oxygen isotope. It is 

of interest to note that the water from the lake is intermediate in 
density between that of the water from the sea and air ; this may 
be due to concentration of the heavier isotope by evaporation of 
the sea water. The same author (/. Amer, Chem, Soc., 1936, 58, 
580) also calls attention to the errors which may be made, in the 
determination of deuterium in compounds, by combustion to give 
water, unless due allowance is made for differences between oxygen 
samples. 

The determination of the proportion of heavy oxygen in water 
may be made by density measurements. An accuracy of the order 
of one part per miUion may be obtained after careful purification 
of the water. In the case of heavy oxygen in organic compounds, 
this may be converted to water by combustion with excess hydro¬ 
gen, using a ciacking surface of granulated quartz coated with 
platinum followed by a nickel catalyst containing 2 per cent, 
thorium (c/. Russell and ISilton, Iitd. and Eng, Chem,, Anal, Ed,, 
1933,5,384). 

Iiewis and Luten (J. Amer, Chem, Soc,, 1933, 55, 5061) give 
the refractive index of heavy oxygen water, determined with a 
sample containing 0*5 per cent normal with respect to hydrogen : 

An = 0*0008y, 

wh^ y is the increase in mole fraction of or atom fraction 

of over its value in ordinary water and An is the difference 
in refractive index at 25° between the given sample and ordinary 
water. As the refractive index of water containing excess deuterium 
has also been determined {Luten, Physical Rev,, 1934, 45, 161), 
the above autihors give an equation for deter mining the deuterium 
and in a given sample of water, knowing the density and re¬ 
fractive index. 
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Colm and Urey (J. Amer. Ghem, Soc., 1938, 60, 679) determine 
the using a mass spectrograph as described by Bleakney {Phys. 
Rev,, 1932, 40, 496). A known weight of the water to be analysed 
is sealed in a tube with a known volume of carbon dioxide, and 
shaken at room temperature until equilibrium is reached (2-3 hours). 
The proportion of in the carbon dioxide is then readily deter¬ 
mined : the method has the advantage that very careful purification 
of the water is unnecessary. 

It was soon recognised that heavy oxygen would be of great 
help in investigating the mechanism of certain types of reactions, 
and a number of workers have examined the possibility of exchange 
of oxygen in water and organic compounds, to find the types of 
compounds which would exchange, and the conditions under which 
the reaction would take place. 

Some examples are given below. 


Cohn and Urey (J. Amer, Ghem, Soc,, 1938, 60, 679) 


Compound. 

Temp. ‘*0. 

Time. 

Result. 

Methyl alcohol. 

26 

24 hours 

No exchange 


100 

7 hours 

No exchange 

Glycerol . 

26 

2 weeks 

No exchange 


100 

6 hours 

No exchange 

Phenol. 

26 

44 hours 

No exchange 

Butyric acid. 

25 

2 weeks 

No exchange 


100 

24 hours 

No exchange 

Monochloracetic acid 

25 

24 hoTirs 

Partial exchange 

Trichloracetic acid .... 

25 

42 hours 

Complete exchange 

Purmaric acid. 

25 

44 hours 

No exchange 

Succinic acid. 

25 1 

44 hours 

No exchange 

Amyl acetate. 

25 ! 

44 hours 

No exchange 

Acetaldehyde ...... 

25 

24 hours 

Complete exchange 

Acetone 

25 

24 hours 

No exchange 


100 ! 

24 hours 

Partial exchange 

Urea. 

25 1 

64 hours 

No exchange 


Roberts [J, Ghem, Phys,, 1938, 6, 294) 


Substance. 

Catalyst. 

Time. 

' 

Temp. ®0. 

Number of 
Oxygens 
Exchanged. 

Methyl alcohol 

0*1 N-HCl 

24 hours 

25 

0 

Methyl alcohol 

0*1 N-NaOH 

48 hours 

26 

0 

Nitrobenzene .... 

0-03N-HC1 

24 hours 

26 

0 

Nitrobenzene .... 

0*03 N-NaOH 

24 hours 

25 

0 

Potassium acetate 


48 hours 

25 

0 

Acetic acid .... 

0*1 N-HCl 

40 days 

25 

2' 

Benzoic acid . . . . 


4 hours 

100 

2 

Benzoic adkl .... 

0*1 N-HCi 

4 hotttS' 

1 ' ■ 

100 
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Herbert anb Lauder (Trans. Faraday Soc., 1938, 34, 1219) 



Koizumi and Titani (Bvll. Ckem. 3oc. Japan, 1938, 13, 463, 607) 


Substance. 

Time (hours). 

Temp. “0. 

Number of 
Oxygens 
Exchanged. 

Glucose . 

2 to 48 

100 

1 

Benzaldehyde. 

1 to 2 

no 

1 

Benzoic acid. 

1 to 5 

130 

1 

Phenol. 

24 to 48 

100 

0-1 

Succinic acid ...... 

1 

130 

2 

Succinic acid. 

2 to 5 

130 

4 

Maleic acid ...... 

20 to 45 

100 

4 

Fumaric acid. 

3 to 45 

100 

1-5 

Phthalic acid. 

20 

100 

0-2 

Terephthalic acid .... 

20 

100 

0-3 


Herbert and Lauder {Trans. Faraday Soc., 1938, 34, 432), in 
a study of the interchange of oxygen between water and acetalde¬ 
hyde, find that there is a rapid exchange, equilibrium beiug reached 
id about 20 hours at room temperature (20° CO- 

OH 

/■ 

CH 3 .CHO> ^ OH 3 .CH 

^OH 

Cohn and Urey {loc. cit) in a more complete investigation of 
the exchange between heavy water and acetone, iSnd that the 
reaction is catalysed by hydrochloric acid, sodium hydroxide and 
glass beads, and with 0*002 N-HCl or 0*005 N-NaOH is complete 
in one hour at 25°. A detailed kinetic study showed that the 
reaction does not proceed through the enolic form. 

Roberts and Urey (J. Amer. Chem. fifoc., 1938, 60, 880) have 
heavy oxygen water in a study of the benzilic acid rearrange¬ 
ment and find that the exchange is much more rapid in alkaline 
solution than in neutral. A kinetic study of the reaction by West- 
heimer (/. Afmr. Chem, Soc., 1936, 58, 2209) indicated that the 
reaction must take place through the intermediate ion 


O- O 



OH 
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suggested by Ingold {Chem. Soc. Annv/il Reports, 1928, 25, 124). 
Of the three mechanisms which are suggested for the rearrangement, 
and which cannot be distinguished kinetically, the reaction with 
heavy water indicates that the correct one is the rapid reversible 
addition of hydroxyl ion which is followed by the rearrangement, 
which is the rate controlling step : 


O 0 

AUiA 


V 


+ OH- 


V 



o- o 

c-C A 


V 


0 = 


O-OH 

I I 




The most interesting organic problems which have been 
attacked by means of heavy oxygen water, are those of esterifica¬ 
tion and hydrolysis. The hydrolysis experiment has been carried 
out by Polanyi and Szabo {Tram. Faraday Soc., 1934, 30, 508). 
The reaction might take place in two ways (a) and {b) 

O O 

I II II 

(а) C—Ka 4- Hi^OH + HO—C Ra 

O O 

i II II 

(б) Rj—Ra + H180H —> Rj-OH + HisQ—C—Ra 

If the break occurs as in (a), a heavy alcohol wiU be produced, while 
if it is as in (6), the alcohol will be light. Primary amyl acetate 
was hydrolysed with heavy water in alkaline solution. The alcohol, 
collected and passed over bauxite at 400°, gave water and pentene. 
The water obtained was light, showing that reaction (6) is the 
correct one, and it is the acid oxygen bond which breaks, and the 
oxygen in the alcohol comes from the ester and not the water. 
The experiment also shows that amyl alcohol does not exchange 
with heavy water when heated in alkaline solution for two days 
at 70°, the conditions of the experiment. 

The esterification of a carboxylic acid (benzoic acid) with heavy 
methyl alcohol, has been carried out by Roberts and Urey {J, Amer. 
Ohem. Soc., 1938, 60, 2391). This reaction may be represented 
in two ways (c) and (d). 

(c) CeHs.COlOH + H>sOCH3 + H^O 

I j 
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0«Hs.COOCH, + Hi,wO 


Under the conditions of the experiment, it was known that methyl 
alcohol and methyl benzoate do not exchange with heavy water, 
and that benzoic acid exchanges slowly. The water recovered from 
the esterification was light, shovring that reaction (c) takes place, 
and that the water formed originates firom the benzoic acid. 

The exchange of potassiiim phosphate with heavy water has 
been studied by Blumenthal and Herbert {Trans. Faraday Soc., 
1937, 33, 849). The exchange was found to be complete in a few 
hours at room temperature : 


KjPi'Oi + 4Hg«0 + 4Ha‘«0 


Sodium sulphate has been found not to exchange in neutral 
solution (Datta, Day and Ingold, J. Ohem. Soc., 1937, 1968), Jput 
complete exchange takes place in the presence of hydroxyl ions in 
24 hours at 100“. 

Potassium sulphate also does not exchange in 100 hours at 180“ 
(Titani and Gk)to, Bvll. Chem. Soc. Japan, 1938,13, 667), but with 
the addition of a little potassium hydrogen sulphate exchange takes 
place in 20 hours at 180°. 

Aten and Hevesy {Nature, 1938, 142, 962) have us^ hea^ 
sodium sulphate to study the problem of whether the oxygen in 
sulphate exchanges, in the l^y, with other oxygen atoms present. 
The heavy sodium sulphate was injected into a rabbit and the urine 
colleoted for 24 hours; the sulphate was recovered as barium 
sulphate. This was reduced with purified carbon at 900° and the 
mixed with excess hydrogen, passed over a nickel catalyst 
^ give water. After allowing for the ordinary sulphate secreted 
by the rabbit, the density of the water obtained shows that most 
of the sulphate administered leaves the body unchanged. 

An artificial atmosphere containing “O + 300 p.p.m. heavy has 
beem used to study isotopic eixohange in animal respiration (Day 
andBheel, Naiure, 1938,142, 917). The carbon dioxide recovered, 
water which had a density of + 40 p.p.m. This experiment 
supports the view that oxygen enters directly into carbon oxidation 
and is exhaled as carbon dioxide. Mfils and Urey {J. Amer. Chem. 
iSoc., 1939, 61, 634) who find that at 30“ the exchange between 
i^vy carbon dioxide and water is nearly complete in 7 minutes, 
surest that this may account for the low value obtained. 






A NEW CONCEPT FOR CAUSAL 
EMBRYOLOGY: THE MORPHOGENETIC 
POTENTIAL 

By albert M. DALCQ 

Professor of Human Anatomy and Errdyrydogy in the UniversUy of Brussels 

In the period since the war, our knowledge of the early stages of 
development has been greatly advanced (especially for the Amphibia) 
by cerfein discoveries. Spemann’s experiments led to the concept 
of an Organisation Centre, with its various corollaries, and to the 
notion that the induction of the ectodermal structures, particularly 
of the nerve-cord, is due to the transfer of one or more substances 
from the primitive gut-roof into the overlying layer. Vogt’s intra 
vital staining experiments established the exact position, previous to 
gastrulation, of the chief materials which later build up the main 
organs of the embryo, and allowed him to draw the celebrated maps 
of the presumptive rudiments. It may be said, without any exag¬ 
geration, that these two parallel advances have definitely brought 
causal Embryology to the level of an exact discipline. 

Nevertheless, it is the law of scientific progress—and K. von 
Baer, the founder of modern embryology, was already conscious of 
it—^that each hardly won solution leaves our minds still unsatisfied. 
In spite of these fundamental achievements, our descriptive and our 
experimental knowledge were not clearly related with each other; 
regulation could not be understood without admitting the organiser 
as an harmonic equipotential system, which is a merely verbal 
explanation; data concerning the young gastrula were difficult to 
reconcile with some results obtained on the freshly fertilised egg, 
e.g. the well-known Schultze’s experiment; again, the cog-wheels of 
Ontogeny, as revealed in the Amphibia, were probably present in 
other Vertebrates but rather difficult to transpose to other types of 
animal organisation (the Invertebrates). In my opinion, these four 
difficulties have now been largely solved by several lines of researches 
convolving into the Concept of Morphogenetic Potential. My pur- 
p<^ is here to follow its own Ontogeny and to define as far as po^bie 
the new problems that are thereby Kubstituted for the old onifei 
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In 1931, inspired by the late Professor Albert Brachet, under 
whose guidance it had been my privilege to study, I endeavoured to 
get a personal insight into the organisation of the Amphibian egg. 
At that time it was not definitely settled whether the presumptive 
neural territory of an Anuran egg could or could not form a neural 
plate when deprived of the inductor action of the primitive gut-roof. 
It seemed to me a crucial experiment to cut the blastula or the very 
young gastrula right across at about the lower hmit of the neural 
territory, to turn round the animal pole cupola thus isolated 180° 
and make it heal on again to the hps of the fresh wound. The pre¬ 
sumptive neural rudiment would, in this way, be removed to some 
distance from the inductor material, and would nevertheless be 
submitted to the strains and stresses inherent in gastrulation. The 
result was negative but, contrary to what Spemaim had obtained 
by the same technique on the newt egg, when the Section was made 
somewhat lower so as to include all the organiser territory, double 
embryos were regularly obtained. My attention being necessarily 
drawn to their structure, the analysis was facilitated by the advan¬ 
tages of the egg of the Discoglossus fictus, the “painted frog ” of 
the Mediterranean region. I must refirain from describing here many 
interesting features, such as the kinematic aspects of gastrulation 
in inverted embryos, the gradation of results according to the:f||gp 
operated and to the level of the cut, the someiames 
fate of the various rudiments, etc. The meet significant facts, for 
the point of view here discussed, were, in the order I observed them : 
(1) a balanced relation between the audikay vesicles of the twins, a 
lai^er right one of one member corresponding to a smaUer right one 
of the other, and vice v^sa; (2) a frequent dislocation of the pro¬ 
nephros rudiment between the twinned embryos; (3) sporadic 
eorieeqKmdenees between the noto-chord, somites, heart, gills, side- 
mest^ocni, etc., forcing the conclusion that the rudiments had 
a noke^dde tendency to follow their original fate. 


x., i results coneemihg the pronephros are to be especially empha- 

tile nonnal presence of three nephrons, with their three 
allowed the beginning of a quantitative approach, 
fiatting the data of classical embryology and of Vogt’s results. 


the nephrons may be thought of as three tiny, deep-seated lumps of 


j^ssumptive material, at the boimdary between the somites and the 
lateral plate material. It is easily underatOod that a latitudinal 


^it inay involve these nephron rudiments, or the field surrounding 
to various d^rees, and realise a total or partial transfer of 
tim nephihuc material. But other cuts, performed in a definite 
a^iending direction, would presumably divide the pronephritic field 
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without dislocating it, and ajfford embryos with more complete 
pronephritic structures. Both kinds of results have been found by 
appropriate operation. 

The conclusion of this first line of research was that presumptive 
territories have more than a topographical value. The Bahnung ** 
(of Vogt) is more than a hypothesis. Each rudiment has a ‘‘ per¬ 
sonal inclination ” striving to realise its normal fate. But this vague 
notion must not be rigidified into a predetermination or a germinal 
localisation. Most of the rudiments can, after excision, form again 
de novo out of the adjacent material. This has been demonstrated 
by direct operations on the pronephros material. It is impossible 
to obtain an embryo lacking its pronephros. If the “ inclinations ” 
are so clearly revealed by the translocations it depends entirely on 
the fact that the method respects the relations of the anlagen to the 
co-ordinates of the field-gradient system. 

This remark is at once a reply to possible objections concerning 
the experiments described above and a transition to the field-gradient 
conception which has proved so illuminatmg for the analysis of early 
development. It is not necessary to retrace here how the brilliant 
idea of Boveri has led to the field concepts of to-day, thanks to the 
regeneration studies of Child, the fine researches of Harrison on limb- 
polarity, the theoretical formulations of Weiss, the masterly experi¬ 
ments of Horstadius on sea-urchin blastomeres, and many other 
important steps. This evolution of the biological thought has been 
well depicted by Huxley and de Beer in their excellent text-book 
of Embryology, 

In Brussels, our conversion to this new current of ideas happened 
only progressively. Professor Brachet had been, for serious reasons, 
a believer in germinal localisations. The “ inclinations ’’ which we 
have now arrived at, are still germane to that topographical repre¬ 
sentation. In my studies on Ascidian merogony I adhered as long 
as possible to the preformation of some main rudiments in the cyto¬ 
plasm. But when I was able to approach the question in a quantita¬ 
tive way, it appeared necessary to give up any qualitative pre¬ 
formation for the sake of a truly dynamic interpretation. In the 
meantime, I had induced Pasteels to unravel the presumptive 
oiganisation and the kinematics of telolecithic eggs (birds, reptiles, 
etc.) and this successful study had drawn the attention of my 
co-worker to the importance of the yolk. He was thus led to 
examine once more the results of maintained inversion of the young 
1929, Penners and Schleip had published a moat 
valuable analysis of the intricate Schulti^^s experimmfc, and: 
detected the morphogenetic influence of yolk masses, but l&ey ^ 
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been unable to discover the conditions governing the formation of 
a new embryonic axis. 

I have no space to describe here the two suggestive results 
obtained by Oppenheimer on Fundulus and by Vintemberger on 
Bana fmca, nor the detail of Pasteel’s experiments. The decisive ' 
factor in his advance was the partial reversal of the egg, placed in 
different oblique conditions. It was thereby recognised that- 
morphogenesis is the result of an interaction between two main 
constituents of the egg, the vitelline gradient, and the field of the 
grey crescent which exists in the cortex. 

Given a mass of yolk in a definite position relative to the grey 
crescent, when two opposite blastopore lips are formed, the one 
turned towards the grey crescent will be distinctly accelerated com¬ 
pared to the opposite one. If the axis of gastrulation is perpendicu¬ 
lar on the primitive dorso-ventral axis of the egg, the half turned 
to the grey crescent will be larger, which means that the invagination 
has been more active on that side. It thus appears that the morpho¬ 
genetic activity is, in some way, a function of the product e.v, 
i.e. the intensity of the cortical field multiplied by the concentration 
of the yolk at any point in the egg. 

Inspired by these observations, Pasteels and I felt that it might 
be possible to interpret the normal distribution of the rudiments. 
A fertilized frog egg shows, from the stage of pronudei copulation, 
a dislinct grey crescent with ite focus about the equator. The 
apex of the yolk gradient is, of course, at the vegetal pole. Now, 
if we consider a chemical reaction which is a function of c and v 
(directly or indirectly), the locus where the greatest synthesis will 
occur be half-way between the focus and the vegetative pole. 
As soon as a given threshold is reached (and are not most biological 
processes ruled by a threshold ?) that territory will begin to in- 
vaginate. But very soon the same condition will be realised in 
adjacent regions, superior, lateral, inferior ones. Accordingly the 
blastopore furrow will be enlarged, vegetal material will migrate 
upwards, more animal cells will be tucked round the stiU large 
blastopore lip. The features of gastrulation are nothing but the 
dynamic expression of the concentric or at least focalised waves of 
cv synthesis successively attammg the critical threshold. 

But now you cannot suppose that the fate of the materials will 
be indifferent to the fact that they were, from the be ginning , laden 
with yblk or impregnated by the cortical field. This means that the 

ratio will have some importance. Indeed, if you search for the 
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probable direction of lines with a constant you find that any step 

fi:oni the cortical focus must be accompanied by some elevation on 
the axis, to compensate the yolk denominator by reduction. 

This is the direction of the limits between the presumptive areas 
of noto-chord and somites, somites and side-plates, side-plates and 

endoderm. These frontiers correspond each to a definite - threshold. 

V 

Now the main data of the Vogt plan are : (1) the place where in¬ 
vagination begins and comes to an end, both explained by the cv 
threshold ; (2) the boundaries between the somites, indicating the 
general metamerisation, which corresponds to successive waves of 
the cv reaction; (3) the separation between the internal rudiments 

just iuterpreted by the - ratio ; and (4) the extent of the ectodermal 

V 

induced regions, neural plate, neural crest and epidermis. For this 
last pomt, induction is essential. It is known to be exerted by the 
prechordal plate for cephalic structures, by noto-chord and somites 
for the nerve-chord, by more lateral mesoderm for epidermis. This 
intensity of induction does not entirely depend on the cv reaction, for 
the pharyngeal material, with the highest and earliest amount of 
that complex, is not the strongest inductor. Also materials with an 
equally high ratio have a different inducing power. But this power 
is dependent on both product and ratio. The most active material, 

the prechordal plate, is the region of highest - with a relatively 

V 

high cv. Anteriorly, the ratio falls rapidly but the product grows : 
special induction of the facial territory. Posterior to the prechordal 
plate (above it on the plan) the product falls towards the animal 
and ventral regions, whereas the ratio, in more and more lateral 
direction, successively descends under the respective threshold. 
The morphogenetic potential of a material is the sum of its 

morphogenetic qualities resulting from the cv product and - ratio, 

V 

and the equilibrium of these resulting substances mth the adjacent 
territories. It translates, in our actual state of knowledge, the 
existence of each territory into terms of definite substances acting 
by their relatire concentration. These substances are not always 
firmly bound to their cytoplasmic substrate. Induction occurs 
wherever the difference of potential allows a diffusion of the sul^: 
stances and all that that implies. 

Our definition of the concept being thus attained, 1 s^uldjf?^ 
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to justify its validity, show its advantages and demonstrate its 
heuristic value. 

It could be objected that the morphogenetic potential is only an 
unnecessary duplicate of Driesch’s concepts of potency and potenti- 
ahty. But these expressions, although still of some usefulness,.- 
c.gr. for the activity of isolated blastomeres, are charged with the 
whole background of Driesch’s vitaMstic interpretation of regulation. 
They imply that a definite territory has two possible kinds of activity, 
the normal one and some other one inspired by the “ purpose ” of 
regulation. On the other hand, they merely refer to the original 
situation, while the morphogentic potential includes that situation 
and aU the events occurring on account of the subsequent reactions. 
It is a four-dimensional concept in the full sense advocated by 
Woodger. Or one may say that it is a short concise translation 
of a complex chemical situation, modifiable by any sufficient 
difference of concentration. 

Let us consider the recent results obtained by Yamada, in 
Vogt’s laboratory, by a remarkable series of grafts performed on 
late gastrulse and early neurulse of the newt. Parts of the mesoderm 
were transplanted to various regions, in order to test the degree of 
determination. This is not nearly so advanced as was previously 
imagined. Most of the grafts developed according to their new 
position, but some yielded really strange results. When somite 
material was added to the ventral mesoderm of the ccelomic lining, 
it formed there typical pronephros tubules. But if the graft 
included noto-chord material, it was transformed into a complex of 
all the mesodermal oigans : noto-chord, somites, pronephros, side- 
plates, etc. Vogt, searching desperately for an interpretation, has 
spoken of “ Selbst-induktion.” In terms of Morphogenetic Poten¬ 
tial, the interpretation is evident. In most of the grafts, the local 
substances characterising the potential invade the added material, 
and afford an integral assimilation. When, however, the difference 
of potential attains a certain value in favour of the grafts, the 
resulting equilibrium corresponds to an intermediate level of the 
potent!^ scales, that is, for example, the pronephros level. 

It would also be interesting to consider from the same point 
of view the recent investigation of the Dutch embryologist Raven. 
This worker has submitted to a thorough analysis the weU-known 
experiment of Spemaim and Geinitz, who implanted a piece of pre¬ 
sumptive ectoderm into the organizer, took it out of this site after 
some hours, and showed that it had acquired the power of induction. 
One of the points now revealed by Raven is that a piece of tissue 
secondarily grafted may in certain cases remain superficial, become 
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neuralised, and impose on the underlying material a transformation 
into noto-ohord and somitic mesoderm. This back-induction is 
evidently due to a new equilibrium of the Morphogenetic Potential, 
by diflPusion of the special substances brought with the graft. This 
seems to indicate that, at least in the very first stages of morpho¬ 
genesis, there is no difference between the morphogenetic substances 
of the mesodermal layer and those of the induced material. But 
probably those substances are soon firmly bound to the cells, especi¬ 
ally to the neural ones. Some other strange data of Raven also 
become plainly intelligible in terms of Morphogenetic Potential. 

An analogous situation should, indeed, be discussed for each graft 
of the blastopore hp, in the original experiment of Spemann. The 
normal scale of potentials must necessarily be restored to obtain the 
observed harmonisation of the structures in the secondary embryonic 
axis. This remark has led us to examine the relations as they exist 
in typical cases of regulation. It has thus been recognised that the 
functional basis of regulation is the automatic restoring of the 
typical gradient-system inside the morphogenetic potential field. 
On the one hand, this constancy of the field and gradient decrements 
is the core of Child’s theory. On the other hand, we are able to 
show the true Ontogeny of that gradient system, which means an 
interesting transition between causal Embryology and the analysis 
of regeneration. If we come back to the utilisation of the new con¬ 
cept for positive research, two kinds of results are at least to be 
mentioned. By submitting one-half of the organisation Centre to 
a strong U.V. irradiation, considerable modifications may be obtained 
in the form and size of the mesodermal organs. They are easily to 
be understood by a local elevation or, more frequently, a lowering of 
the potential (Brandes). The second result concerns the cortical 
field. What its precise nature is has hitherto not been determined. 
But a skilful analysis of J. Brachet has shown that, in the first hours 
after fertilization, a subcortical distribution of sulphydryl groups 
may be demonstrated. This other field is most probably correlated 
with the cortical one which we have till now alone considered. This 
is certainly an important hint that the chemical nature and the 
physical properties of the fundamental morphogenetic substances 
ought to be most accurately studied. But whatever may be dis¬ 
covered in that direction, we shall need none the less the synthetic 
notions described in this paper. 

It is time to show, finally, that their interest is not restricted to 
Amphibians (from which many other arguments could be derived m 
favour of them). For Vertebrates, it is now well established ? 
ally by the researches of Pasteels on telolecithic ^gs that 
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even in widely separated phylogenetic groups, a true unity of plan 
and especially of morphogenetic movements. The diBferences are 
mainly of a quantitative order, and they may be conceived of as a 
progressive elevation of the morphogenetic Potential, a steepening 
of the field gradient, and accordingly a still larger cerebral organisa¬ 
tion. The mutations responsible for the successive steps of verte¬ 
brate Evolution must have concerned the yolk gradient and 
especially the cortical field. For prochordates, the rather intricate 
results obtained by merogony have received a satisfactory inter¬ 
pretation, at least for the present, by an appHcation of the above 
defined concepts. 

For other groups, Echinoderms, Insects, Spiralia, the representa¬ 
tion is certainly different, but it also has a binary basis. And 
especially for Echinoderms a definition of morphogenetic potential 
may be given in terms almost identical to the Chordate definition. 

It is consequently not exaggerated to assert that the concept 
described wiU bring some fresh ideas into the Evolution problem. 
It seems to be a useful tool for thinking out development in its joint 
actual and historical aspects. It helps us to understand how qualita¬ 
tive differences, apparently irreducible, have emerged from merely 
quantitative differences. This advance brings the embryologist into 
a position extraordinarily similar to that of the physicist, who builds 
up the qualities of the atoms from numerical variations in the 
electrons and positrons. It seems to me certain that such a point 
of view is extremely favourable to scientific progr^. 



EROSION AND SOIL CONSERVATION 
IN THEORY AND PRACTICE 
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The major problems which harass the hydraulic and the agricultural 
engineer in these days are those of erosion, the transport of eroded 
materials by streams and the silting up of estuaries and lower 
reaches where the soil is re-deposited. The subject seems to have 
first engaged the attention of scientists some fifty years ago, when 
Du Bois, a French engineer, foimd that the mass of silt carried by a 
stream could be expressed in terms of the shear exerted by the stream 
on its bed, which he equated empirically to the product of the 
specific weight of the fluid—equal to 1, on the metric system, for 
water—^the depth of the stream, and the slope of its bed. A number 
of investigators have followed up this idea, but it really gives far 
too simple a picture of the processes going on. No two rivers give 
the same Du Bois coefl&cient—^the factor relating shear to silt load— 
while in a single stream the factor varies from time to time. 

To get a true picture of the dynamics of the phenomenon we need 
to delve more deeply into the mechanism by which individual 
particles are carried up from the bed into the stream. On the bed 
itself there is, of course, a frictional force exerted through the 
boundary layer of fluid which bathes it. The value of this force on 
unit area is determined by the viscosity of the fluid times the 
gradient of velocity at the bed. The extent to which the shearing 
force can shift an individual particle depends on the cohesion which 
subsists between that particle and its fellows, and on the pore space 
in the soil, for this latter largely decides the ease with which the 
fluid can permeate the soil. Once the fluid has invested the par¬ 
ticle in this way, it stands a much greater chance of overcoming its 
immobility, since the force then becomes a more direct push on the 
particle instead of a rubbing of its top surface. If the current can 
^equately penetrate beneath the ^ain, another effect, the Ifognus 
effect, comes into play, tending to lift the particle into the 
stream. Thus, suppose there is a large grain renting above the 
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general level of the bed but supported by it. This is undermined 
by the current, but owing to the restricted space beneath and the 
prevailing velocity gradient the speed of the fluid below the grain 
is less than that which passes over it. It is well known that in such 
a situation a vertical force originates directed towards that side of the 
obstacle where the speed is less, that is, there is now a tendency to 
lift the grain into the current. If this lift exceeds the weight of the 
grain in the fluid, it will rise until it comes to a place where the 
diminishing velocity gradient and consequent reduced lift balances 
the force of gravitation on it. All the time it is being impelled 
downstream. In a static equilibrium, it would remain at this level 
as long as the velocity gradient there remained constant, but in fact 
it overshoots this position, and falls again to repeat the evolution 
ad inf. While then, the largest pebbles are rolled along the bottom 
the moderate-sized ones execute a series of long or short hops, 
{Still smaller ones remain in suspension all the time in a turbulent 
stream through a process to be described shortly.) The height and 
length of these jumps naturally depend on the specific gravity and 
size of the grains so that when they are all more or less of a size, the 
height of this ‘‘ saltation zone ” as it is called (from Fr. sauter) is 
fairly definite. In a river or on the desert, it does not often reach 
a great height, but over snow-covered terrain the light snow flakes 
readily hop to a height of several feet. Arctic explorers relate that 
in a wind a dog team at a short distance may be invisible while the 
driver^s head and shoulders may be seen emerging above the wraith 
of driving snow. Often too this leaping by well-graded sand grams 
leads to the formation of regular ripples on a mobile bed, for they 
tend to rise and fall at defiboite places. Once these ridges are estab¬ 
lished they act as jumping-oflF and landing-places for all succeeding 
grains as long as the stream or wind speed does not vary. 

If the stream is running above the critical Reynolds’ number all 
the finer grains are held in permanent suspension by turbulent 
mixing. On the mixing theory the particles in a given stratum 
travel on the average a certain horizontal distance, called mixing- 
length,” before merging their identity in the stratum next above or 
below, (This division into strata is quite arbitrary, but, in the 
theory, is carried to infinitesimal Hmits.) Tins mixing length is an 
inverse measure of the degree of turbulence, and obviously depends 
on the vertical components of velocity fluctuations such as subsist 
in turbulent flow. The theory is formally similar to that of mole¬ 
cular diffusion. A dye let into the bed of the stream would gradually 
infuse the whole fluid if it were kept stationary, or moving at such a 
slow speed that streamline flow persisted. In such a case the 
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diffusing agency would be the kinetic or Brownian motion of the 
molecules themselves and wotdd be interminably slow compared 
to that in turbulence. Only very light microscopic particles can be 
visibly affected by Brownian motion, but when turbulence sets in 
the fluctuations of velocity transverse to the stream can carry fair- 
sized grains to considerable heights above the bed. In both cases, 
the force which Umits their upward excursions is gravity. Eventu¬ 
ally they reach a mean distribution such that the concentration of 
particles varies exponentially with height above the bed, at least 
over that part of the stream wherem the mixing length is constant. 
This was &st shown for turbulence by Hurst. It h^ been demon¬ 
strated for molecular distribution earlier in the classical experiments 
of Perrin on colloidal suspensions. Hurst used, not a channel, but 
a suspension of graded sand in water contained in a taU cylinder. 
The sand was kept in suspension by a stirrer which agitated the 
water into rotary and at the same time turbulent motion. He 
found by removing pipette samples at different levels in the tank 
that the logarithm of the silt concentration was actually propor¬ 
tional to distance above the floor of the vessel, as theory demanded, 
and that the degree of turbulence was roughly represented by the 
square of the speed of stirring. The author has repeated Hurst’s 
measurements with a mixed sand in a rectangular glass tank and 
shown by mechanical analysis of the samples that the logarithmic 
distribution for each size still holds for the type of sand one would 
find in a natural river, but, of course, the coefficient connectiug the 
two variables (log. concentration and height) is not the same for 
' each size, the heavier ones congregating more in the lower strata 
of the river. It was also shown by passmg thin beams of light 
athwart the tank to fall on a photoelectric cell on the far side that 
the light out off by the suspension could also act as a measure of 
the silt load carried m suspension at the level of the beam. This 
was an important conclusion from the point of view of the 
channel experiments to be described next. 

The hydraulic engineer is, of course, concerned with the total 
quantity of silt carried in suspension. This will depend largely on 
conditions near the bed, and we may group the relevant influences 
as follows; i »- 

{a) the velocity gradient perpendicular to the stream, and, in 
particular, its value at the bed; 

(6) the degree of turbulence; 

(c) the silt carried; the size, shape and g^ecific gravity of thfS 
grains.' , 

(d) the configuration of the bed, its slope’aiMd loughnese. "^^^^^ 
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In a natural stream all these factors intervene in a way which 
does not allow of the sorting out of their respective contributions. 
The author therefore proposed to study the transport of a loosely 
compacted sediment formed into a bed of as nearly as possible 
spherical grains of the same size and specific gravity, before passing 
on to natural silt. The Reynolds’ number of the flow was to start 
from below the critical and eventually exceed it. Apart from this, 
only the first factor would vary in a given experiment. The velocity 
gradient was to be measured by a calibrated hot-wire anemometer 
and the distribution of the silt across vertical sections of the channel 
was to be measured by the turbidimeter just mentioned, i.e. by the 



use of a narrow horizontal beam of light and a photoelectric cell. 
The channel was constructed with plate glass sides 6 ft. long extend¬ 
ing between two reservoirs of 10 cu. ft. capacity. The experimental 
portion was 1 ft. wide and allowed a maximum water depth of the 
same value. The two reservoirs were connected through a 3-in. 
pipe and a 2-h.p. centrifugal pump, so that the water after spilling 
over a weir in the downstream reservoir was returned to the upstream 
one where it again passed over a weir before entering the channel. 
It was essential that the mounting of the lamp and photoelectric 
cell should be such that they could be adjusted both vertically and 
horizontally without losmg orientation. Fig. 1 shows a transverse 
section of the channel with the beam of light (chain line) for measur¬ 
ing silt concentrations. Light from the lamp, A, passes through the 
drcuiar and cylindrical lenses L,L, and the adjustable slit and 
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crosses the channel as a narrow beam to fall on the cell after passing 
a second slit Sa. By means of wheels rolling on rails, R, R, the 
whole apparatus cordd be moved along parallel to the axis of the 
channel. A handle rotating a long screw H, H, served to raise or 
lower the pillars P, P, P, P, through worm gears and so change the 
level of the light beam relative to the water without loss of orienta- 
tioEi bf beam and cell. 

It had previously been shown that the extinction of light by silt 
and hence the defect of photoelectric current was proportional to the 



total projected area of the intervening particles, i.e. to Snd^ where 
n is the number of particles of diameter d, provided the concentration 
of the silt were not too great. This calibration was carried out by 
interposing a glass-waUed tank containing various numbers of 
uniform particles, maintained in suspension by continual stirring, 
into the beam of light. 

A typical set of results showing the sEt concentrations and 
velocity gradients for mean ohamiel speeds of 5,16, 20 and 26 cm. 
per sec. respectively is shown in Pig. 2, with a bed formed of 
loosely compacted soE laid on the floor of the channel. In tins par¬ 
ticular case, the water readEy penetrates the original bed. Wifely 
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the saltation zone, the velocity gradient changes from a positive to 
a negative slope, indicating that within the mobile part of the bed 
the grains are rolling and jumping over each other in a maimer that 
hefits the action of a shear on a quasi-solid substance. 

As far as silt concentration measurements in the channel go they 
confirm the logarithmic distribution of theory except within a centi¬ 
metre of the bed, where, owing to the steep velocity gradient, the 
mining length is not constant. It is, in fact, well known from aero¬ 
dynamic investigations that a thin stratum of fluid in contact with 
a solid boundary is in streamline flow even when the main flow 
outside is turbulent. This non-turbulent boundary layer still per¬ 
sists when the solid boundary ” is changeable as it is in a river bed. 
Outside this region, which is barely penetrable by our instruments 
owing to its tenuity, there is another of extreme turbulence which 
eventually decreases in intensity to that characteristic of the main 
stream. Data deduced from measurements of the silt concentration 
in close proximity to the bed indicate that in the first few millimetres 
above the saltation zone, the mixing length rises in approximately 
linear fashion to a value which remains nearly constant until the 
free surface of the stream is approached. 

The author has also carried out an investigation of the velocity 
and silt distribution in a section of a natural river, to wit the Tyne 
at Newcastle, where it is tidal and is not only very turbulent at the 
half-ebb but carries a measurable quantity of material—^practically 
all inorganic—^in suspension. A vertical traverse of the stream was 
made beside the piers of the Swing Bridge. The velocity was 
measured by an Amsler meter. This is of the torpedo form, the 
revolutions of the pusher screw when exposed to the current of the 
river being communicated to a counter on the dock above. For silt 
estimation a sampling bottle in a loaded can was let down at the 
same spot to various prescribed depths. The can filled from the top 
/ through an opening JBcom which the cork was drawn by a cord when 
the bottle had reached the desired depth. To let the water with its 
suspended silt into the bottle with the least possible disturbance the 
air could only be driven out slowly through a vent as the water 
entered to take its place. The samples were submitted to mechanical 
analysis in a photoelectric sedimentation apparatus which has been 
described before (this journal, XXXI, p. 463) and the masses 
corresponding to each size plotted against depth (Fig. 3). It will 
be observed that these plots are nearly straight lines. 

In a second experiment, an attempt was made to determine the 
silt concentration in situ using a photoelectric turbidimeter. To a 
piece of wood was fixed at one end a 6-volt lamp in a focussing tube 
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—an ordinary galvanometer lamp and lens unit rendered watertight 
with a covering of pitch at the joints—and at the other end a photo¬ 
electric cell in a watertight case. To the centre of this wooden bar 
was fixed another at right angles with a heavy weight on the end. 
When this T-piece was lowered into the water the sinker kept it in a 
vertical position with the aid of guy ropes to counteract the force 



Fia. 3,—^Variation in silt concontration against depth for various particles, 

radius (r). 

of the current which tended to deflect the apparatus. In this way 
the beam of light and the cross-bar remained horizontal. Connec¬ 
tions led to a battery for the lamp supply and to a sensitive galvano¬ 
meter for the photoelectric current on terra firma. (The research 
was not completed without the usual vicissitudes which seem to 
accom^ny most of the excursions of the physicist outside his 
laboratory. A series of results would have to be given up to with*- 
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draw the apparatus from the river at the •vraming of the approach 
of a vessel; on one occasion neglect to take this precaution in time 
led to the apparatus being driven by the wash of a steamer beneath 
the piers of the bridge from which it could not be rescued—^minus 
cell—^until low tide ; but eventually some uninterrupted series were 
obtained.) Measurements with this apparatus, correlated with 
velocity measurements, appear on the same traverse (y) on Fig. 4. 
Again the logarithmic law is approximately upheld to within a few 
feet of the bed of the river, which was 20 ft. deep at the time. 
The values very close to the surface are not included as they were 
affected by scattered daylight entering the apparatus. 



Fig. 4,—concentrations {above) and velocities (bdow) on vertical 
section of the river Tyne. 

The work of the engineer demands rather a knowledge of the 
total silt load carried by a stream past a certain point from time 
to time. This information can be derived with sufficient approxima¬ 
tion for his purpose by the use of the two pieces of apparatus just 
cited, viz, (a) a current meter set where it is likely to record the 
mean current and (6) a pair of turbidimeters set at two levels in the 
stream, say, at dept^ of one-third and two-thirds of the total depth 
respectively. Two assumptions must be made (1) that the current 
meter reads the mean velocity at any time; for thru purpose it is 
probably b^t to set the meter at one-third of the total depth; 
(2) that the silt distribution is exponential; the coefficient required 
to derive the total silt load from the reading of one of the turbidi- 
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meters is then known. This, multiphed by the mean current, then 
gives the silt transported past the observation station in unit time. 
The photoelectric cells will have been previously cahbrated so as to 
read the actual mass of solid within the confines of the hght beam at 
any instant. By the use of a number of such stations in the streams 
serving a watershed, it should be possible to correlate rainfall and 
soil conditions on the watershed with the daily amount of material 
eroded from it. 

These points concern not only the river and harbour engineer 
but also the farmer. It is a matter of common knowledge that large 
tracts of farming land have been permanently lost to cultivation in 
Africa and America by over-cultivation and failure to consolidate 
the land. Manure not only enriches the soil but in the form of 
organic humus helps it to resist erosion. The extent to which 
different climatic and soil conditions affect erosion is only now being 
studied on a quantitative basis. For instance, some agriculturists 
think that the presence of fine colloidal material among the grosser 
soil crumbs helps to resist erosion, whereas others claim to find 
equal losses for soils exposed to the same weather but having widely 
differing colloid contents. Burning scrub to free an area for subse¬ 
quent cultivation— a. practice among the natives of Africa—^is, 
however, generally agreed to be a pernicious usage. Fortunately 
the problem does not worry the British farmer at the moment, hut, 
in the United States, work on the rneasurement of erosion, with or 
without the exercise of preventive measures, is a pressing need and 
is being taken up by the Soil Conservation Service of the Depart¬ 
ment of Agriculture in experimental projects aU over the country. 

These are in the main of two types. In the one the rainfall on 
straight slopes is correlated with the retained soil moisture and the 
amount of silt removed by it; in the other the run-off from a 
specially fashioned terrain is correlated with the rainfall on the whole 
of a small watershed of which it forms a part, in order that the 
efficacy of schemes for soil conservation may be studied. One of 
the most up-to-date of the former stations is to be foTind at Marl¬ 
borough, New Jersey. The author had the privilege of inspecting 
the work there in the summer of 1938, Unfortunately, his visit 
preceded by one day the arrival of the great hurricane which broke 
several weeks of low rainfall; a day or two later the run-off would 
have been more spectacular, though less comfortable to scrutinise. 
Here a field is divided up into strips running down a gentle slope to 
the water and soil catchment bins. At the bottom of the slope a 
6-in. brick course resting on a metal sill runs right across and leads 
to a large rectangular tank. At the far side of this tank the upper 
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portion of the water overflows through a Gieb diviser to another 
circular tank. The diviser is merely a set of vertical slots of equal 
area and of any odd number between 5 and 11 according to circum¬ 
stances, of which all but the centre one lead to waste. The silt 
sample from the remaining slot settles in the second tank, where it 
is collected and weighed after every storm potent enough to cause 
run-off. Mg. 6 shows several strips at the Beemerville Station 
located at Sussex, N.J., and the apparatus at the bottom of one of 
them. Mg. 6 shows the same apparatus from above with the Hd of 
the first tank removed and some of the slots of the diviser made 
visible by the Hght shining through. The object of the first tank is 
to catch the heavy particles of grit, sand, etc., before the silt passes 
on, since from the farmer’s point of view it is the loss of fine silt and 
colloidal material that is detrimental to the soil; the grit need not 
be reckoned. (One should add that the soil in this part of New 
Jersey is a friable sandy loam, easily penetrated by rain, which 
becomes a network of little guUeys after a light rainfall wherever it 
has no crop cover to protect it; c/. Mg. 7.) 

The strips on the station vary in both length and pre-treatment. 
Some have been manured while others are practically virgin soil. 
Some have had a cover crop, subsequently dug in. Yet others 
have had both treatments. The acidity of the soils have been 
reduced to the same value (^(H = 6-5) by liming. The experiments 
are in duplicate and there are “ dummy ” steps left between the 
exptemental ones, which are out off by low metal barriers from 
infiltration from the sides (c/. Mg. 6). It must not be assumed that 
if the length of a plot is doubled twice as much run-off wiU ensue. 
The water falling higher up the slope may sink in and not cause so 
much erosion as if it had but a short distance to trickle down to the 
tanks. Naturally the prevailing moisture content of the soil 
before the onset of further rain materially influences the amount of 
damage done. To keep a record of this, moisture meters of the 
Richards type are embedded in the soil at the upper end of several 
plots. These consist of 6-in. cups of light porous clay which swell 
or contract as the surrounding earth changes its moisture content, 
The^ tensiometers are connected to pressure gauges above the 
ground in the form of simple liquid manometers or automatic and 
continuously recording aneroids. The research has not yet pro¬ 
ceeded long enough to enable results to be reported, but it is expected 
tliat after a few years’ worMng, such stations will give the first 
detailed statistics of “ sheet ” erosion such as occurs on gently 
. ; looping agricultural land, as opposed to that more persistent erosion 
encountered in rivers and canals. 
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Silt metorti on experimental plots, New Jersey. 
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The second type of soil conservation project—of which a recent 
example is to be seen at Freehold, N.J.—^is concerned with the 
measurement of run-off from a number of watersheds of moderate 
size (c. 100 acres). Formerly estimates were made in relation to a 
large watershed in which a variety of conditions existed, e.g. that 
of the Missouri, or else from an artificial and stereotyped plot of 
laboratory size, just an acre or two. The object of this new research 
is to measure the effect on the watershed of schemes to improve the 
water-retaining capacity of the land and to protect it against erosion. 
All the water running off the land must be made to pass down 
through a single channel wherein a concrete weir is erected. Some 
of these weirs have a simple notch with sides inclined at constant 
angles, but in others the inclination of the sides of the V increases 
towards the vertex in order to increase the sensitivity of the instru¬ 
ments when recording low rates of flow (Fig. 8). On the up-stream 
side of the weir an instrument is housed which gives a continuous 
record of the position of a float on the surface of the water. A weir 
of the same shape will have been previously calibrated in a hydraulic 
laboratory so that the current over the weir corresponding to each 
position of the float is known. A number of rain gauges are dotted 
about the watershed in order that run-off may be compared with 
precipitation. At present only water losses are measured at this 
station, but it is proposed later to install photoelectric turbidimeters 
in the stream just above the notches so that silt loss from time to 
time may be recorded as well. 

It is intended to collect data from these stations—^which are more 
natural than the laboratory-like strips of the first projects, though 
each gives its quota of scientific information—^which shall be of use 
in advising farmers confronted with losses on soils and terrains 
similar to one or other of the controlled watersheds. Only four 
amelioration schemes are being studied at the Freehold Project, but 
large numbers are distributed up and down the States, covering all 
types and sizes up to that of the largest farm or ranch. 

The chief practices adopted to combat sheet erosion on farm 
land comprise (1) the planting of cover crops when the field would 
otherwise be lying fallow, (2) strip cultivation, (3) ploughing along 
the contour, with terracing where necessary. Erosion is most active 
where there is nothing to break the flow of water or the passage of 
wind, so that the full shearing action of the fluid is felt on the surface 
of the soil itself. Thickly sown grass or some smular plant will 
impede the velocity of flow over the ground itself; then the para¬ 
mount fall in velocity which gives rise to the shear is experienced by 
the upper parts of the stems of the crop where it cannot dp much 
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harm. At the same time, the water on the ground itself cannot run 
away so fast and stands a greater chance of percolating to the roots 
which assist the conservation process by holding the soil together. 
If, however, the plants are tall and form dense undergrowth the 
plots may become waterlogged and suffer from a superfluity of 
moisture. What the engineer requires is a scheme which will keep 
the shearing force on the ground small and allow moderate percola¬ 
tion while not impeding unduly the run-off above after a heavy storm. 
In a river this may be done by erecting a series of check dams or 
shallow weirs at short intervals. In this way the stream is let down 
a sort of gentle staircase. So the main flow is tmobstructed, while 
the water on the bed is almost stagnated. Such devices are em¬ 
ployed on a number of alpine rivers on the Continent of Europe. 

The second palliative for sheet erosion, that of strip farming, is 
intended to protect land under more open crops such as roots and 
tubers, by interplanting with alternate strips of a better cover such 
as grass or corn. It has at best but a partial success and certainly is 
useless on steep fields. In the latter case, it is better to throw up 
shallow terraces along the contours of the hiU, and plough in the 
space between so that the furrows likewise run along the contour. 
Towards the end of the last century, Priestly Mangum introduced 
the broad shallow type of terrace which is named after him. It is 
about 20 ft. broad and a foot high in front, being made by throwing 
up a levee of earth to direct run-off to the ends of the field where 
that which has escaped absorption runs away in drains. Another 
type of terrace, the Nichols terrace, has a definite ditch on the 
uphill side of the levee and produces superior drainage but inferior 
percolation to the Mangum terrace. Both, of course, conserve the 
soil in preventing rapid drainage directly downhill. The terraces 
are cut by a special rotary disc plough, which throws all the earth 
removed from the ground to one side thus making mound and ditch 
in one in the same operation. At the experimental hydrology 
stations which we have described all the effluent from terraces is 
naturally passed to the single outlet, over the weir. 

The economics of the amelioration schemes as carried out in the 
United States are interesting. The experimental grounds on which 
the plots are located are not owned by the State in which they lie. 
A co-operative agreement is drawn up between the State and the 
farmer, by which he consents to follow a schedule of cultivation for a 
number of years (at least five), to admit officers of the Soil Conserva¬ 
tion Service when they require to attend to the instruments and to 
use only ferihsers prescribe by the Department. In return he gets 
the services of their engineers for making terraces, drainage culverts 
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and every appurtenance of the system of erosion control and 
measurement which they deem necessary for his land. Most of the 
unskilled labour for these constructions is supplied from the camps 
of lads which under the name of Civilian Conservation Corps have 
been set up in many locaHties to take on public works and to help 
to relieve unemployment. Their services are available without 
charge to the officers of the Soil Conservation Service and apparently 
are paid for by the Federal Government. The farmer, of course, 
supplies the necessary seed to fulfil the scheme and reaps the crops 
h imself but there is often a clause inserted in the contract to prohibit 
autumn ploughing as erosion is rife at that season and do wnhill 
furrows particularly will aggravate it. 

Figs. 1 and 4 are reproduced by permission of the Royal Society ; 
Figs. 5-8 by permission of the U.S. Department of Agriculture, Soil 
Conservation Service. I am greatly indebted to Messrs. Earnhardt, 
Knoblauch and Krimgold of the Soil Conservation Service for 
taking me on a tour of inspection of the New Jersey Projects in 
September last and for supplying the photographs reproduced in 
this article; and finally, to the Research Committee of King’s 
College, Newcastle, for a grant which made this visit possible. 
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MATHEMATICS. By J. H. G. Whitehead, M.A., Balliol College, Oxford. 
The FoirNDATioisrs oe Difeebentiae Geometey : II.—^The first of 
these two articles contained a brief account of the origins and nature 
of Riemannian geometry. Among other things I tried to explain 
as clearly as possible the radical change in philosophic ideas about 
geometry due to the discovery of Relativity, What may be called 
the Euclid-IQein concept of geometry, that is the study of equival¬ 
ence under a given group of transformations, was replaced by the 
idea that a space has an intrinsic structure, consisting of a set of 
relations which may be, but in general are not, defined in terms of a 
transformation group. In the ease of Riemannian geometry this 
structure is determined by a quadratic differential form, whose 
coefficients are subject to a certain transformation law when the 
co-ordinates axe clutnged. Thus the formal basis of Riemannian 
geometry is a set of functions x^) associated with co¬ 

ordinates x\ . . together with a rule by which one passes to 
the corresponding functions h^iy\ ... y^) associated with co¬ 
ordinates y^, • . y^. We recall that this transformation law is 

, _ dx'^ dx^ 

where the repeated indices imply summation for i, j = 1, . . ., n. 
The purpose of this article is to describe other geometries based on 
the same idea, namely a set of functions associated with each co¬ 
ordinate system, the sets corresponding to two given co-ordinate 
systems being related in a way which is describable by some mathe- 
matioal formula. 

The first geometries of this kind to be discovered were all natural 
generalisations of familiar geometries, in the same way that Rieman¬ 
nian geometry is a generalisation of Euclidean geometry. The 
mmpl^t of them, which is even simpler than Riemannian geometry, 
is the generalised affine geometry. The classical or ‘‘ flat n-dimen- 
sional affine geometry may be described as 7i-dimensional projective 
geometry with a special {n — l)-plane at infinity,*’ but no special 
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“ quadric at infinity.” Thus everything in Euclidean geometry 
which depends only on notions of linearity and parallelism belongs 
to affine geometry, but nothing which involves distance, except that 
lengths may be compared on the same or on two parallel lines. In 
much the same way the theorems of Riemannian geometry can be 
divided into those which depend on the metric itself and those which 
depend only on the functions 

( 1 ) + d,Sjp - ^pQfk), 

where 9^ stands for the operator d/dx^, and on their transformation 
law, which is given in (3) below. The latter theorems belong to 
generalised affine geometry. They include theorems on the inci¬ 
dence properties of geodesics and the theorem that the geodesics 
through a given point are given by equations of the form 

(2) x^ ^f\y\ . . ., y«), 

where y'’ — pH and p^, . . are constant on each geodesic. 

More generally (generalised) affine geometry is the theory of an 
arbitrary affine connection, which is given in each co-ordinate system 
by a set of functions called its components, with the transforma¬ 
tion law 


( 3 ) 


/ ^ dxt dx’‘ \9x’ 

\ ^*9»* 9»“ 9®*'9x®/9a;*’ 


where and are its components in co-ordinates x\ . . 
and»^ . . ., if* respectively. It may be verified that the equations 
(1) are equivalent to 

( 4 ) ~ 

If we start with arbitrary functions these may be regarded as 
differential equations in which are the unknowns. In general 
the equations (4) have no solution. Therefore the generalised affine 
geometry is more general than Riemannian geometry, since the 
theory of a particular affine connection may or may not be the 
affine, or non-metric part of a Riemannian geometry. The formal 
development of the theory consists largely of the definition and 
classification of tensor invariants. The fundamental tensor in affine 
geometry is the curvature tensor, and other tensors may be obtained 
from this by co-variant differentiation and similar processes. 

These theories depend for their geometric content rnainly on 
the properties of the geodesics, or paths as they ara usually <^ed 
in affipe geometry, and on parallel displacement, which was dis¬ 
covered by T. Eevi-Givita in 1917 and, independently, by A, 
Sohouteu in 1^8. £f 0 is a curve given by pararuefric eqtaBBejass 
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= x\t), the parallel displacement of a vector |(i) along the curve 
C is defined by the equations 

(5) ^ 4- = 0 

where the fanctions x^(t) are substituted for the variables x^ in the 
functions It is easily verified, first that the solutions of these 
equations corresponding to given initial values are not altered by 
a transformation to some other parameter s = s{t); secondly, 
because of the transformation law (3), that if any set of solutions 
are treated as the components of a contra-variant vector, the 
quantities represented by the left hand side of (6) are also the com¬ 
ponents of a contra-variant vector, and hence that (5) are invariant 
equations; and finally that any set of solutions vary linearly with 
their values at any given point. Thus they may be written in the 
form 

m)=Bj(Q, p)i^(P), 

where P and Q are given points on the curve and B|(P, P) = dj 
(= 1 or 0 according as i == j or i 4" j)- 7?he vectors ^(P) and ^(Q) 
are said to be parallel with respect to the curve 0. If P, Q, R are any 
points on C this parallelism, always with respect to the curve 0, 
satisfies the familiar conditions ; 

(i) if f(P) is paroAld to |(Q) and |(Q) is parallel to |(R), then 

f(P) is parallel to l(R), 

(ii) if i(P) is parallel to f(Q), then f(Q) is parallel to f(P), 
which may be expressed formally as; 

(i) B|(R, Q)Bi(Q, P) = B|(R, P), 
whence, writing R = P, we have 

(ii) B)(P, Q)B£(Q, P) = 

In this last equation it must be understood that the parallel dis¬ 
placement &om Q to P is back along the same arc as in the displace¬ 
ment firom P to Q. When displaced round a closed curve back to 
its starting point a vector will not, m general, return with its initial 
value. If some vector at a point P does return with its initial value 
when displaced round every closed curve beginning and ending at 
P, then the partial differential equations 

( 6 ) = 0 

have a set of solufaons. A set of solutions are the components of a 
paralld field of vectors, which consists of a vector f (P), defined at 
eadbt point P, the vectors f (P) and f (Q) being parallel with respect 
; to evOTy curve joining P to Q. If the equations (6) are completely 
int^rable, meaning that they have solutions satisfying given ini tinl 
conditions, they can be solved to give n linearly independent parallel 
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fields. Then to every vector |(P) corresponds a unique parallel 
vector f(Q). 

Associated with the equations (5) are the equations 


duj 

dt 




^’‘dt 


= 0 


for the parallel displacement of a co-variant vector along a given 
curve, and to (6) correspond the partial differential equations 

(7) d^uj - = 0. 

If the equations (6) are completely integrable so are the equations 
(7). If also Vjk = we have dj^Uj = djUje and it follows that the 
partial differential equations d .0 = Uj can be solved for y, whence 


( 8 ) 


pi 


Ifj/S . . are solutions of these equations such that the Jacobian 
is not zero, the equations = y'^{x^, . . ., a:”) determine a 
transformation to co-ordinates in which aU the components of the 
affine connection are zero. In this case the coimection is said to be 
“ flat,” and co-ordinates in which all its components vanish are 
called Cartesian. The Cartesian co-ordinate systems are those, and 
only those, which are related to a given one by linear transformations. 
Therefore the local geometry of a flat affine connection is the classical 
affine geometry. Por this to be the case it is necessary and sufficient 
that 

(a) = r^., (6) = 0, 

where are the components of the curvature tensor, given by 

For these are the integrability conditions of the equations (8). 

In theorems such as the one just described it is necessary to insist 
on the local nature of the result. For two essentially different spaces 
•may have the same differential geometry, as in the case of a oyhnder 
and a plane. What is more interesting is that there are closed sur¬ 
faces with a locally Euclidean geometry. Such a surface, in elliptic 
3-space, was discovered by W. K. Clifford in connection with the 
“ Clifford parallelism ” described in an earlier article (on the theory 
of groups). It is easy to give a similar example in EuoHdean 4- 
space, referred to rectangular Cartesian co-ordinates », y, z, i, namely 
the surface given by 

X = Y = e* 

where ^ = x + iy, Y = z + it. 

The idea of displacement leads to a more general and inore 
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turesque definition of a “ generalised geometry,” which is, however, 
more difficult to state precisely. Let G stand for some kind of 
geometry (e.gr. Euchdean, affine, projective or elliptic) and let M 
be an n.-dimensional manifold. With each point P in M we associate 
an w-dimensional space S(P) with the geometry G. In the case of 
affine or Biemannian geometry S(P) is the “ tangent space,” con¬ 
sisting of aU. the contra-variant vectors at P, with the Euclidean 
metric determined by the tensor if M is Biemannian, G then being 
Euclidean geometry. In generalised projective geometry S(P) is an 
»-dimensional projective space, and similarly for the other kinds of 
geometry. The spaces S(P) are to be related to M in such a way as 
to justify the remark that the geometry of M near P is approximately 
that of S(P). In affine geometry this relation is inherent in the fact 
that the transformations of co-ordinates are defined by functions 
with continuous derivatives, and are therefore linear to a first 
approximation. In general the exact definition of this relation is 
a difficult problem which, in the case of projective geometry for 
example, was solved only after many years of trial and error. 

We now require that, to each oriented arc PQ, in M, shall corres¬ 
pond a transformation of S(P) into S(Q), usually defined in terms 
of an invariant set of differential equations, which is to be an 
isomoiphism with respect to the geometry G. As in the parallel 
di^lacenaent the transformation S(Q)->S(P), determiued by the 
same arc with the opposite orientation, is to be the inverse of 
S(P)—>^(Q), and if two arcs PQ and QB are laid end to end the 
transformation S(P)—>S{B), determined by the arc PQ -j- QB, is to 
be the resultant of S(P)—>^{Q) followed by S(Q)—>S(E). In par¬ 
ticular, to each closed curve beginning and ending at P, there 
corresponds an automorphism of the space S(P). The set of aU. such 
automorphisms is a group, called the holonomic group. In supplying 
the details of this very general and rather vague outline we can give 
the scheme various twists. One can, for example, proceed along 
the lines of parallel displacement, imagining the space S(P) to be 
“ carried along ” the arc PQ into the space S(Q). But one can also 
start from a concept which is the basis of E. Cartan’s work in this 
field. He imagines an observer at each point P, and what I have 
i^dled a displacement he takes to be a process by which the observer 
at P tel^raphs his co-ordinates back to headquarters at 0, along a 
carve PO. If the holonomic group consists of the identical trans- 
framation alone the message will be independent of the arc PO. In 
any case, each point in M may be joined to 0 by a unique curve, 
and headquarters can therefore map each space S(P) in S(0). In 
paa^cular, it can pin-prick the position of each observer. In general, 
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and here the relation between S(P) and M is the crux of the raatter, 
conflicting accounts of their “ infinitesimal neighbourhoods ” will 
be received from near-by observers P and Q. But if the holonomio 
group reduces to the identity, headquarters will receive a coherent 
account of each neighbourhood and may therefore identify M with 
S(b). The geometry of M is then G itself. 

The preceding paragraph may seem a little clearer if, by way of 
example, we apply the two processes to plane geometry. Here each 
space S(P) may be identified with M, natural co-ordinates (Xp, Yp) 
for S(P), with their origin at P, being obtained by a translation from 
Cartesian co-ordinates {x, y) for M. The equations for parallel dis¬ 
placement, namely dX = dY = 0, lead, naturally enough, to the 
equations Xq = Xp, Yq = Yp, relating parallel vectors at P and 
Q. On the other hand the equations 

dX+dx =dY + dy = 0 

lead to 

Xp = Xo - X, Yp = Yo - 

where 0 is the origin of the co-ordinates {x, y). Writing 
Xp = Yp = 0 we have the equations X^ —x, Yq = y, which 
express the identity of M and S(0). 

Generalised geometries of this type, other than Biemannian 
geometry, were first studied by G. Hessenberg {Math. Annalen, 78 
(1918), 199) and H. Weyl {Math. Zeit., 2 (1918), 384-411). Weyl 
made effective use of af^e geometry in producing the first urffied 
field theory, that is to say a purely geometrical description of the 
combined gravitational and electro-magnetic fields. In such a 
geometry there must be an invariant cone at each point, correspond¬ 
ing to the light cone, and a co-variant vector (the vector potential), 
to which may be added an arbitrary gradient. Weyl's theory was 
based upon an aifine connection for which, not the equations (4), 
but the equations 

9ij, k ~ Vkdij 

have a solution, with Igfyl + 0, where stands for the left-hand 
side of (4) and v** is the vector potential. The tensor may be 
replaced by where q is any scalar function, which has.the effect 
of replacing % by v'* + Though of first-rate importance 

both to mathematics and to physics, Weyl’s geometry did not 
explain all the observed facts, and many alternatives have since 
been proposed. The importance of generalised projectiye geometry 
for these theories may be seen from 0. Veblen’s monograph Pro- 
jektim Belativitatstli^ie (Berlin, 1936), and from recent pap®ES by 
J. A, Schouten, D. van Dantzig and others, ; : 
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The purely mathematical theories described here were conceived 
and worked out mainly by Weyl, Cartan, Veblen, T. Y. Thomas, 
L. P, Eisenhart and Others of the Princeton school, and by J. A. 
Schouten, D. van Dantzig and their collaborators and pupils. 
These two articles are based on a Cambridge Tract, The Foundatiom 
of Differential Geometry, by Veblen and myself (Cambridge, 1932), 
which is a companion to Veblen’s tract. The Inva/riants of Quadraiic 
Differential Forms (Cambridge, 2ud edition, 1933). A detailed 
account of some of the geometries described here is to be found in 
the book, Differential Invariants of Generalised Spaces (Cambridge, 
1934) by T. Y. Thomas. 

ASTRONOMY. By A. Huoter, Ph.D., F.R.A.S., Royal Observatory, 
Greenwich. 

Thb Stjn and the Weathbe. —The possibility of a correlation 
between solar conditions and terrestrial weather has recently been 
discussed from two points of view in Science Peogeess (XXXIII, 
pp. 15 and 81, July, 1938). The complexity of the problem has 
been recently emphasised by the publication of two papers bearing 
on the two aspects of the subject. 

The first concerns the relation between solar activity and the 
widths of tree rings. In the Mmthly Weather Review, Washington, 
65, 175, 1937, P. P. Keen reports on “ Climatic Cycles in Eastern 
Oregon as indicated by Tree Rings.” The work was imdertaken 
prima.rily for entomological purposes, to provide some indication of 
the trend of meteorological conditions in the past few centuries, 
but a by-product of the research is an interesting graph showing how 
the growth rate of the ponderosa pine has varied from the normal 
since a.d. 1268. This graph is based on micrometer measurements 
of the annual radial growth of 1240 trees taken fi:om 44 different 
regions in Eastern Oregon and Northern California. By analysing 
data collected from such a wide area, the local effects of insect 
defoliation and forest fires can be at least partially eliminated, 
The annual growth of a tree depends largely on temperature and 
precipitation. In the semi-arid region studied, mean annual tem¬ 
peratures fluctuate only slightly, and the extremely variable pre- 
dpitatipn becomes the dominating influence. It is not surprising, 
then, ibat a coefficient of correlation of -j- 0-50 ± 0-09 is found 
betiwemi fluctuations in annual ring-width on the one hand and 
differences in i^asonal rainfall on the other. This correlation 
exten?3s back, of course, only to the beginnings of meteorological 
dbservEtions in this region some seventy years ago, but the coefficient 
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is significant enough to make it possible to use the rings with con¬ 
fidence for extrapolating back still further. 

An analysis of the fluctuations in ring-width shows no evidence 
for the existence of predictable cycles. The fluctuations cannot be 
effaced by plotting smoothed averages over five, eleven and twenty- 
three years, and it is concluded that, as far as can be determined 
at the present time, there is nothing to indicate that any apparent 
cycles are more than chance variations. The implication is, of 
course, that the rainfall, too, shows no detectable tendency to vary 
in the sunspot cycle, at least since 1600, when the observations can 
be said to become fairly rehable. 

The discrepancy between this work and that of Douglass {Odmegie 
Inst. Wash., Publ. 289, 1, 1919; 2, 1928), who finds a definite 
periodicity in ring-widths, remains to be explained. It illustrates 
yet again the complexity of the problem when two such careful 
pieces of work can point to diametrically opposite results. There 
is this, however, to be said : in Keen’s work, the author expresses 
his opinion that the predominant variable is the rainfall. Now it is 
known from more direct evidence that there exists little or no tend¬ 
ency for rainfall, at least in temperate regions, to vary cyclically 
with the sunspot period. Accordingly we should not expect to find 
any such cychc variation exhibited in those tree-rings whose widths 
are closely correlated to rainfall and to nothing else. This in turn 
suggests that the Douglass ring-widths are affected by another 
parameter which is a function of solar activity. What this para¬ 
meter is ■wiU presumably not emerge until the two sets of data are 
put on a comparative basis. Or again, it may be that the Douglass 
trees are, so to speak, epitomes of their climatic environment— 
sunshine, rainfall, temperature, cloudiness, wind, ultra-violet radia¬ 
tion, etc., in each of which, taken separately, fluctuations in the 
sunspot cycle are masked by random variations. These random 
variations, not being common to aU, are diminished in the mean, 
whereas the tendency to exhibit the sunspot cycle is enhanced. In 
this case, of course, Keen’s measurements of his tree-rings would be 
no more successful in detecting the solar cycle than the routine 
observations of the separate meteorological factors themselves. 
Here again, we need comparative observations in different regions 
to settle the matter. Meanwhile, it is certain that the sunspot cycle 
cannot at present be used to predict weather changes of any sort. 

The subject of the other paper is the “ solar constant,” i.e. the 
intensity of the sun’s energy radiation at the mean distance of tlm 
earth. The term is to some extent a misnomer, since tim qumitlty 
measured appears to vary somewhat. < 



84 


SOIBNCB PEOGEBSS 


The experimental work necessary for the determination of the 
solar constant demands extreme care on account of the many dis¬ 
turbing factors involved. The measurement falls into two parts: 
first, the determination of the rate at which energy falls on unit area 
of the earth’s surface ; and second, the determination of the amount 
of energy abstracted by the atmosphere. It is this second deter¬ 
mination which offers the main problem. The importance of the 
correction wfll be realised from the fact that only about 70 per cent, 
of the initial radiation gets through to sea-level even at noon on the 
equator. It will be noticed that the first process measures the 
integrated energy over the whole spectrum; the instrument em¬ 
ployed, the pyrhehometer, utilises a beam of sunlight of known 
cross-section, which is completely absorbed by a blackened silver 
disc whose rate of rise of temperature is then noted. After allow¬ 
ance has been made for the effects of conduction, convection and 
re-radiation, this quantity, in conjimction with the thermal capacity 
of the receiver, will yield the value required. The correction 
measured by the second process, however, cannot be determined 
en bloc, because the absorption coefficient of the atmosphere is a 
function of wave-length. Accordingly, a spectrobolometer is used 
to measure, wave-length by wave-len^h, the energy received when 
the sun is at various altitudes, i.e. when the absorption is due to 
varying lengths of path traversed by the light. A process of integra¬ 
tion then gives the total depletion for which the atmosphere is to 
be held accountable at the particular time at which the pyrhelio- 
meter measurement was made. 

Measurements of this sort are now carried out by the Smithsonian 
Institution at three stations selected for their high altitude and free¬ 
dom from water-vapour and dust: Table Mountain, California, 
Mount Montezuma, Chile, and Mount St. Catherine, Egypt, From 
intercomparison of the results obtained at these stations and other 
similar ones used during the past thirty-five years. Abbot {Smithson. 
Misc. OoU.,9^, Nos. 10 and 12, 1935) claims that the solar constant 
exhibits variations analysable into twelve periods, the most con¬ 
spicuous of which is one of twenty-three years. On these cyclic 
variations may be superposed random variations in which the value 
alters by 3 or 4 per cent, in the couree of a few days. Many of 
these periods are also found by Abbot in the temperature figures for 
Washington, Berlin, Adelaide, Cape Town, and Greenwich. 

Jjia,iecent-papex [QmrkTlyJ<mrn.Bdi/.Met.8oc.,6i, 459,1938), 
however, Miss Paranjpe examines statistically the data on which 
Abbot Ms® his clainis, and concludes that Giere is no direct evidence 

any variatibn in the solar constant, that the periodicities in the 
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observed values are neither mathematically nor physically significant, 
and that the computations fail to indicate any dependence of weather 
changes on the observed variations. The evidence she adduces is 
weighty. For differentiating between errors of observation or com¬ 
putation and real variations of the solar constant, observations made 
at the various stations scattered over the earth’s surface are com¬ 
pared statistically. The correlation coefficients obtained between 
the observations on days when atmospheric conditions were des¬ 
cribed as favourable are so small that no common cause, such as 
changes in the solar constant itself, suggests itself as controlling the 
variations over aU the stations. Where a high correlation coefficient 
is found, it is traced to an illegitimate process of “ correcting ’’ the 
results from one station when they fail to agree with those fi:om 
another. Abbot’s most recent results are based on visual inspection 
of the curves from the various stations. Statistical treatment of the 
data on which these curves are based yields a correlation coefficient 
less than its own probable error. In the same way. Abbot’s method 
of searching for periodicity in the solar constant variations and in 
the meteorological data is criticised as being far from precise. 
Moreover, the removal of his periodicities from the observed values 
makes no significant difference to the standard deviation. 

These conclusions cannot, of course, detract from the value of 
the observational results. It is only the interpretation of the varia¬ 
tions which is in doubt. In this connection it is interesting to 
notice that both the probable error and the percentage scatter of 
the results have decreased continuously since the earliest observa¬ 
tions, except for occasions where such phenomena as volcanic erup¬ 
tions have caused understandable variations in atmospheric trans- 
missibility. This decrease is no doubt due to the advances made by 
Abbot and his co-workers in solving the very difficult technical 
problems with which the observations are beset. Whether or not 
the residual variations are real or instrumental is evidently still a 
matter for controversy. It cannot be denied, however, that early 
hopes that long-range weather forecasting may become possible 
through measurements of the solar constant, are becoming less and 
less likely of fulfilment. 

The StTPBBGiAOT e Avsigm. —^Variability in stellar brightness is 
a far more widespread phenomenon than was appreciated even a 
score of years ago. It is not, however, an overstatement to say 
that where true variability is concerned, none of the many typ® of 
light variation, periodic or irregular, has been reaUy satofactorily 
explained. That is not to say that we knovr nothing about lije 
variations: for instance, the connection between period a^' 
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luimnosity in cluster variables is now well established, and has 
indeed proved our most powerful means of probing intergalactic 
space. For one particular kind of variabihty, however, a fully 
satisfactory theory has been developed, explaining adequately both 
the character and the periodicity of the variation ; but here, oddly 
enough, the theory is based on the paradoxical assumption that no 
true physical variation is involved at aU. The variables referred to 
are the eclipsing binaries. These are simply double stars whose 
components happen to be moving in a plane passing through or 
nearly through the earth. Some 300 of these objects are now 
known; all exhibit variability such as could be produced by the 
mutual eclipses, total or partial, of a pair of stars, usually different in 
size and brightness but not variable in themselves, revolving around 
their common centre of gravity according to ordinary d 3 mamical 
principles. The correctness of this explanation would seem to be 
clinched when it is remarked that every eclipsing variable which has 
been observed spectroscopically has turned out to be a spectroscopic 
binary whose radial velocity varies in a period equal to that of the 
light variation. Naturally, not a great proportion of spectroscopic 
binaries will vary in brightness, because the accident which places 
their orbits edge-on to the earth will be of infrequent occurrence. 

Using this theory of the light variation of these stars, an astonish¬ 
ing amount of information has been derived from a mathematical 
stady of their light curves. By making a few plausible assumptions, 
we ban derive the sizes of the components in terms of the orbital 
dimensions, the eUipticity of the orbit and its inclination to the line 
of sight, the luminosity of the components relative to the sun, and 
in certain cases the tidal distortion of the components and their 
“ darkening at the limb,” i.e. the amotmt by which their surface 
brightn^ falls off towards the edge of the disc. If spectroscopic 
observations are also available (they are for aE but the faintest 
eoEpdng binaries), the actual dimensions of the orbits can be 
obtained, and thence the diameters of the components, in miles, 
and their mean densities. 

With such a rich haul from the study of these somewhat rare 
objects, it behoves us to make very sure that the assumptions under¬ 
lying our theory of the variation are quite trustworthy. It would 
be an exa^eraMon to say that any real doubt has ever been raised 
about their validity, but the case of e Aurigse has always been rather 
a rift within the lute. The period of the star is so long that the 
exact nature of the variation remained in doubt untE its latest 
minimum in 1929—30—the fourth since discovery of its variability. 
No fewer than 13,800 photometric observations made by 47 observers 
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since 1842 are now available, and establish a period of 27-1 years. 
The periods of most eclipsing variables range from a few hours to a 
few hundred days ; a value of nearly 10,000 days is unique. This is, 
however, doubtless merely a matter of the size of the orbit: by 
Kepler’s harmonic law, for systems of equal total mass (aU stars 
are in fact closely similar to one another in mass), the square of the 
period is proportional to the cube of the orbital diameter. The 
long period observed for s Aur., then, simply means a large orbit. 
The real trouble with the star is that the photometric observations 
contradict the spectroscopic ones. For about twenty-five years the 
visual magnitude remains steady at 3-1. It then slowly decreases 
in brightness for 192 days to a minimum of 4-0 mag., at which it 
remains for 330 days. Then its brightness returns to normal in a 
further 192 days, and remains there for another quarter of a century. 
So far, so good : the flat minimum evidently means that the eclipse 
is total, the components differing somewhat in size ; whilst the drop 
of 0-9 magnitudes (i.e. to a light output 0*43 times that out of eclipse) 
suggests that the components are comparable in luminosity. Uiffor- 
tunately, in this last respect the spectroscopic observations tell quite 
another tale. The star is a single-spectrum binary; that is to say, 
the secondary component is so faint that it does not contribute any 
fines to the spectrum, those fines which are present simply oscillating 
about their mean position as the primary alternately advances and 
recedes, instead of doubling, as would be expected with components 
of comparable luminosity. There is no question here of experimental 
error: the two sets of data are precise and are in point-blank dis¬ 
agreement. The discrepancy is the more disturbing in that, taken 
separately, the two arguments are irreproachable: they have, in 
fact, been used, individually and in conjunction, in hundreds of 
cases, and on them depends much of our knowledge of stellar 
duplicity and of stellar diameters and densities. 

A complete explanation of this astronomical enigma has come 
quite recently from Yerkes (Astrophysical Journal, 86, 670, 1937). 
The model of the system which is postulated must of necessity 
present some unusual features—^no commonplace explanation would 
have been overlooked for so long—^but its character is sufficiently 
startling for somewhat garbled accoimts to have reached the non- 
seientifio press. It consists of a small, massive F2 supergiant ^ of 
luminosity 60,000 times that of the sun, eclipsed every twenty-seven 
years by a very much larger translucent component at a temperature 

^ The terns giant and dwarf in astrophysics refer primarily to luminosity, 
not to linear dimensions nor mass. Nevertheless, great masses and diainete^ 
are often associated with high luminosities, V 
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of only about 1300° K. and of diameter some 3000 times that of the 
sun. The spectroscopic and photometric results can now be brought 
into harmony : the large I (“ infra-red ”) star will give no detectable 
spectrum in the photographic region because of its low temperatme ; 
whilst during the one effective eclipse per revolution, the light 
observed is practically that of the eclipsed F star, the diminution in 
brightness being due to absorption in the I atmosphere, and not to 
simple removal of the light of one component, This drop in bright¬ 
ness is presumably the result of ionisation opacity produced in the 
outer shell of the I star by ultra-violet radiation from the F com¬ 
ponent. This fits with the observed flat minimum to the light 
curve during totality ; if the photo-ionisation were produced uni¬ 
formly throughout the I atmosphere, a curved minimum would 
result as the light passed through a series of chords of increasing and 
then decreasing lengths ; but since the ultra-violet F radiation will 
be quickly absorbed in the outer shell of the hemisphere presented 
to the hot component, it wiU produce a sort of Heaviside layer, of 
fairly constant thickness, whose opacity to visible light wiU cause 
almost constant absorption during the total phase. 

Direct evidence for the existence of the I component has recently 
been obtained {Astrophysical Journal, 87, 209, 1938) from photo¬ 
electric photometry in the infra-red. At long wave-lengths the 
composite colour of the system is redder than that of a normal F2 
supergiant, the excess energy reaching 0-13 mag. at 9600 A. Finally 
{Harvard Bulletin 908, 11, 1938), the radiometric magnitude of the 
system has been measured as 2-65. The corresponding value for the 
F component, deduced from the visual magnitude of the whole 
system (the I star is ineffective visually), and the average heat index 
for F2 stars, is 2-91. Within the accuracy of the observations, the 
difference corresponds exactly to the contribution expected from the 
I star if its radius and effective temperature are indeed those deter- 
mined at Yerkes from the photometric and spectroscopic data. 

This confirmation of the postulated model will be welcomed alike 
by the practical astronomer, who can now draw a breath of relief at 
the removal of an outstanding paradox in his observational data, and 
by the theoretical astrophysicist, who has been presented with a 
direct challenge to investigate these very cool stars, whose existence 
has indeed long been suspected but whose properties remain prae- 
tioally unknown. 

PMYSICS. By F. A. Viob:, Ph.D., University College, London. 

, OP Heavy HtrcLEi,—^Atomic disintegration ex- 

- ' Periments are aniong .the more spectacular in modem physics, but 
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axe seldom treated as news by the daily press, even if reporters by 
some means get to know of them. An exception was provided 
early this year, when we were greeted by headlines announcing a 
“ Gigantic Atomic Cannon Ball.” The experiments provoking 
these headlines may be considered as members of a series, begun 
in 1934, on the bombardment of uranium and thorium by neutrons. 
To obtain a proper perspective and to appreciate the developments 
which have taken place, it is necessary to recall what was known 
about nuclear reactions involving neutrons. The production and 
properties of neutrons have been described recently in this journal 
by Dr. Feather (Science Peogress, 33, 240, Oct. 1938). Strong 
electrostatic fields have no effect upon them, so they can penetrate 
into a nucleus much more easily than can charged particles. From 
considerable experience with various elements it was found possible 
to classify as follows reactions resulting from irradiation by neutrons ; 

Type I.—Capture of the neutron 

xf + y 

where the element X has atomic weight A and atomic number 
(nuclear charge) Z. The new element, Y, is an isotope of the old. 
Type II.—Capture of the neutron and emission of a proton 

Xf + nl _i + Hi 

giving an element one place lower in the periodic table. 

Type III.—Capture of the neutron and the emission of an 
a-particle 

xf + nj -> Y^l| + He| 

the product being two places lower in the table. These processes 
are in addition to elastic scattering. 

It was Bohr who pointed out {Nature, 137, 344, 1936) that 
every nuclear process must be treated as a many-bodied problem. 
Each nucleus is considered to be made up of neutrons and protons 
held together by strong but short-range forces. The energy of a 
captured neutron is therefore rapidly distributed among all the 
particles in the nucleus. After a comparatively long time, on the 
average, it may happen that this energy is all concentrated on one 
particle, or on the group of protons and neutrons constituting an 
K-particle, which may then leave the nucleus. We thus have, for 
Types II and III: 

Initial nucleus -t- incident neutron 

—►compound nucleus (excited) 

—> final nucleus ejected par^cle^ 

If the ejected particle is a neutron, the whole proo^ may be tiioUg^; 
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of as “scattering.” Sometimes two neutrons may be emitted. 
However, during the comparatively long life of the compound 
nucleus, there may be ample time for the excess energy to be 
emitted as radiation. This is a reaction of Type I. The resulting 
isotope may be stable or radioactive. In the latter case, we have 
“ induced ” or “ artificial ” radioactivity, with decay, usually by 
the emission of an electron, until a stable nucleus is reached. The 
“ radiative capture ” type of reaction was studied extensively by 
Fermi and his associates. One of their observations was {JProe, 
Boy. 8oc., A, 149, 522, 1935) that the number of nuclei transmuted 
was enormously increased when the source of neutrons and the 
irradiated material were surrounded by a substance, such as paraffin 
or water, containing a large proportion of hydrogen and no heavy 
elements. Hydrogen atoms are not disintegrated, but scatter 
neutrons and share their kinetic energy. The neutrons are there¬ 
fore slowed down until, in the limit, they have thermal velocities 
only. Moon and Tillman foimd, in confirmation of this, that the 
yield of the radioactive element was influenced by the temperature 
of the hydrogeneous material slowing down the neutrons (Proc. 
Boy. 8oc., A, 153, 476, 1936). 

Neutrons of thermal energies can give rise to reactions of Type 
III also, but only with the light elements. For example: 

Li|-t-+ He| 

Bio -t--f. He|. 

These reactions owe their importance to their convenience in detect¬ 
ing slow neutrons. Ionisation chambers are lined with Li or B 
compounds, or fiUed with BF*, and the ionisation produced by the 
products of the reactions with neutrons gives a current which can 
be amplified. The potential barriers of heavy nuclei are too large 
for a-particles to surmount unless they have large energy, so such 
reactions are observable only with fast neutrons. Similar con¬ 
siderations apply to reactions of Type II. 

Among the sixty elements subjected to neutron bombardment 
by Fermi and his collaborators were uranium and thorium (Proc. 
Boy. Soc., A, 146, 483, 1934). Besides the natural UXi and UXa, 
uranium was foimd to yield a series of at least four radioactive 
elements, distinguished by four half-value periods of decay (10 sec., 
40 sec., 13 min. and 100 min.). They showed, by an investigation 
of chemical properties, that neither the 13 min! nor the 100 rnm 
period element was isotopic with any element having atomic num¬ 
ber between 82 and 92. Perhaps it should be mentioned that in 
OTder to investigate the chemical properties of a radioactive element 
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Y, it is not separated by itself from the target. The target is mixed, 
before or after bombardment, with the element or elements to 
which it is supposed that Y may belong. The test consists in find¬ 
ing which of these elements is accompanied by the activity when 
separated from the target. Now if we accept Types I, II and III 
as representing all the possible reactions between heavy nuclei and 
neutrons, it seems clear that the atomic number of the product 
cannot be far from that of U (92). Since the chemical evidence 
ruled out elements 82-92, it was suggested that the new radioactive 
substances are trans-cranium elements with atomic numbers greater 
than 9'2. Hahn and Meitner (Naiurwiss., 24, 158, 1936) assigned 
the 13-min. product to Eka-Re (Z == 93), and the 100-min. product 
to Eka-Os (Z = 94). Later, Meitner, Hahn and Strassmann 
(Z. Phys., 106, 249, 1937) demonstrated the existence of at least 
nine radioactive periods, six of which were assigned to elements 
beyond uranium. 

The allocation of the new atoms to these positions in the periodic 
table led to several difficulties. In the first place, an uncomfortably 
large number of nuclear isomers appeared. Two nuclei are isomeric 
when they have the same atomic number and mass but different 
periods of decay. Secondly, some of the new periods could be 
obtained with slow neutrons, some with fast, and some with both 
fast and slow, which is difficult to fit in with our reaction types. 
A closer investigation of the chemical properties of these elements 
was clearly desirable, and very careful work has been carried out 
in the Kaiser Wilhelm-Institut ffir Chemie, Berlin, in France, and 
elsewhere. I. Curie and P. Savitch {J. Phys. Bad., 9, 356, 1938; 
0. B, Paris, 206, 906 and 1643,1938) JEound a product from manium 
which had a period of 3| hours and the chemical properties of La 
(a rare earth) not actinium. Hahn and Strassmann followed this 
up, and found that a group of at least three elements formed from 
U were chemically similar to Ba, and therefore presumably isotopic 
with Ra (Naturmss., 26, 766, 1938). Further investigation {Ncdwr- 
vnss, 27, 11, Jan. 1939) showed, however, that it was impossible 
to separate these bodies from Ba, though mesothorium, an isotope 
of Ra, could readily be separated. They were forced to conclude, 
from this chemical evidence, that isotopes of Ba (Z = 66) are formed 
by the bombardment of U (Z = 92) with neutrons. 

This is a complete break-away from the reaction types I, H and 
III. But it is not inconsistent with Bohr’s theory of the nu<fi6us, 
according to which the particles within the nucleus behave ra^^ 
like molecules in a liquid drop. If sufficient energy is added to: 
a heavy nucleus, it is conceivable that it will break up info two 
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parts, just as a liquid drop will on violent shaking. It seems 
possible that the U nucleus has only a small stability of form, and 
may, after neutron capture, divide into two approximately equal 
parts. These would repel each other and gain a total kinetic enei^y 
of about 200 million electron volts (MeV), according to calculations 
of the loss in mass consequent on the difference between the packing 
fraction of U and a typical element in the middle of the periodic 
table. As Dr. Moon has described for us (Soibitob Pbogebss, 33, 
645, April 1939), all known stable Hght nuclei have approximately 
equal numbers of neutrons and protons. Application of simple 
arithmetic shows that one or both products of the fission of U would 
have an excess of neutrons over protons, and would presumably 
be radioactive. The excess of neutrons may be removed by jS-ray 
emission (neutron —>■ proton) or by the “ evaporation ” of neutrons. 
In these cases it would not be necessary to invoke nuclear isomerism, 
because the different radioactive periods belonging to the same 
chemical element may then be attributed to different isotopes of 
that element, since varying proportions of neutrons may be given 
to the two parts of the U nucleus. Similar arguments would apply 
to the dismtegration of thorium. Much of this reasoning was put 
forward by Meitner and Frisch in a letter to Nature (143, 239, 
Feb. 11, 1939), and by Bohr {Naiure, 143, 330, Feb. 25, 1939; 
Phys. JSe»., 55, 418, Feb. 15,1939), but before these communications 
appeared, there was clear experimental evidence, other than chem¬ 
ical, for the new type of nuclear reaction. M. A. Tuve describes 
in Science (89, 202, March 3, 1939) how, at a Conference in Wash¬ 
ington on January 26, Bohr and Fermi discussed Hahn and Strass- 
mann’s results, and also the suggestions of Meitner and Frisch, 
privately communicated. The new high voltage plant in the 
Department of Terrestrial Magnetism at Washington was immedi¬ 
ately used to look for the disintegration products, and they were 
found on January 28. It was subsequently learned that they had 
been deteet«i at Johns Hopkins and Columbia Universities, in 
Copenha^n and in Paris, There has b^n abundant confirmation 
snce. Most of the early experiments were with an ionisation 
diamber, a linear amplifier and a cathode ray oscillograph. (Fowler 
and Dodson, Nature, 143, 233, Feb. 11, 1939; Phys. Beti., 55, 
417, Feb. 15, 1939. Roberts, Meyer and Hafetad, Phys. Bev,, 55, 
416, Feb. 15, 1939. Frisch, Naiure, 143, 276, Feb. 18, 1939. 
Green and Alvarez, Phys. Bev., 55, 417, Feb. 15, 1939). For 
example, il^berts, Meyer and Hafrtad, at Washington, placed an 
ionisation chamber, about 5 mm. deep, below a neutron source 
oomasting of a tai^t of Li which could be bombarded by deuterons 
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accelerated by a P.D. of a million volts. A copper disc was coated 
with the material to be investigated and placed on the coUecting 
electrode of the ionisation chamber, connected to an amplifier feed¬ 
ing a cathode ray oscillograph. The usual a-particle pulses were 
observed when the disc was coated with uranium oxide. On 
exposure to the neutron radiation, two additional groups of pulses 
appeared, (a) about four times as intense as the oc-particle pulses, 
corresponding to “ neutron-recoils ” from the air in the chamber, 
as previously observed with the same amplifier gain but without 
the uranium ; (b) a group 20-40 times larger stiU and corresponding 
to energies of 76-150 MeV per particle released in the chamber. 
Similar effects were observed with Th, but not with Bi, Pb, Au or 
any other element tried. Paraffin round the source doubled the 
yield from U but not from Th. 

A delightful method of investigating the products of the fission 
was used by P. Joliot (0. B. Paris, 208, 341, Jan. 30, 1939; J. 
Phys. Bad., 10, 169, March, 1939), and suggested independently 
by Meitner. The products of the fission of a U nucleus are pro¬ 
jected (in opposite directions) with high energy and can move right 
away from the U film. Johot placed a source of neutrons, con¬ 
sisting of 700 milliouries of E.a mixed with Be powder, in a brass 
cylinder 2 cm. diam. and 6 cm. high, and coated externally with 
a thin layer of uranium oxide. Three mm. from this surface was 
placed a concentric cylinder of bakehte. Preliminary experiments 
showed that no activity was produced in the bakelite in the absence 
of the U. With U present, after a given time of irradiation the 
bakelite was removed, slipped over a Gerger-Miiller countmr, and 
showed the presence of radioactive atoms which had been projected 
across the 3 mm. air gap from the uranium layer. The decay 
periods of these atoms were investigated. Similar results were 
observed with Th, including a period of about 3|- hoirrs, which 
Curie and Savitch suggested (C. B. Paris, 208, 343, Jan. 30, 1939) 
is due to the same rare earth isotope as the corresponding period 
in the uranium product. Meitner and Frisch, in Copenhagen, used 
the same general method, the collecting surface being water, and 
by chemical means showed that the products collected by the water 
were identical with the so-called transuranium elements previously 
examined. Cloud chamber photographs of the tracks of the ejected 
particles have been obtained (Johot, 0. B. Paris, 208, 647, Feb. 2'7, 
1939; Corson and Thornton, phys. Bev., 55, 609, March 1, 1939). 
The maximum range was judged to be about 3 cm- of air. ^ 
Work ia proceeding actively on the identiflraation of 
products of the fission of U and Th^ as may be s^ by looiEfa^ 4#? 
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recent issues of Nature, Physical Review, Gomptes Rendus, and 
Naiurwissenschafien. It is as yet too early to give a classified list 
of the nuclear reactions. They are consistent with the views already 
indicated, i.e the incident neutron is captured by the TJ or Th 
nucleus to form a compound nucleus. Reactions of Types I, II or 
III may foUow, but most compound nuclei break up into products 
about half the size. One or both of these smaUer nuclei contain 
excess of neutrons and are tmstable. They may, possibly after a 
measurable time, disintegrate by successive j8-ray decay or neutron 
emission until the neutron-proton ratio of a stable nucleus is reached. 
N. Eeather has, in a very interesting way, foimd an upper limit to 
the lifetime of the compound U nucleus {Nature, 143, 697, April 8, 
1939). A “ sandwich ” was made of a thick layer of U between 
gold foils, each 6-74 mgm./em.®, and the activities of the products 
collected on equal polythene sheets placed in contact with the gold 
on either side, were compared after the sandwich had been irradiated 
with fast neutrons impinging on one side only. The general activity 
was reduced to J of that from imcovered U, and 10 ± 3 per cent, 
more was obtained on the forwards collector than on the other. 
When gold films 7-13 mgm./cm.® were used, 19 ± 3 per cent, more 
activity was obtained forwards than backwards. These observa¬ 
tions showed that, after capture of the neutron, fission of the com¬ 
pound nucleus usually occurred before the forward momentum was 
lost. Using approximate values of range and momentum, an upper 
limit of 6 X 10~“ sec. was calculated for the life-time of the com¬ 
pound nucleus. 

We must resist the temptation to describe the observations on 
/5-ray and neutron emission from the radioactive products, and the 
evidence for a greater number of emitted neutrons than absorbed, 
for space will not allow and since many more experiments will have 
been described by the time this article appears in print. Perhaps, 
at some friture date, we may return to these questions. Sufficient 
has been said, however, to show that the “ transuranium elements ” 
have had a short life in modem physics, and that a fruitful type 
of nuclear reaction has been added to the list. 

GENERAi:. AND ORGANIC CHEMISTRY. By O. L. Bbady, 
D.Sc., P.I.C., University Collie, London. 

Axsyia^ok OB' Psxsoxjs. —^A novel method of introducing a methyl 
group into phenols has been described by Caldwell and Thompson 
{J. Atasr. ClKm. Boc., 1939,61, 766). This consists in the reduction 
of ttie dimethylamino-methyl derivatives obtained by D6combe 
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{Compt, Bend., 1933, 196, 866; 197, 258) by the condensation of 
phenols with formaldehyde and dimethylamine. 

The method has been used specifically for the synthesis of 
2:3:5 trimethylhydroquinone, a compound of importance in the 
synthesis of one of the anti-sterility vitamins, a-tocopherol (Karrer, 
IVitzsche, Ringier and Salomon, Helv, Ghim. Acta., 1938, 21, 820). 
/Si/m-xylenol (I) was treated with 35 per cent, aqueous dimethyl- 
amine and formalin added drop by drop, when 2-dimethylamino- 
methyl-3 : 6-dimethylphenol (II) was obtained. This was reduced in 
dioxan solution at 165° C and 177 atmos. with hydrogen in the 
presence of copper chromite as catalyst to 2 : 3 : 5-trimethylphenol 
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The conversion of this compound to the trimethylhydroquinone 
(IV) was brought about by coupling with diazotised sulphanilio 
acid, reduction of the oxy-azo-compound with sodium hydrosulphite 
to the amino-phenol, oxidation of this with ferric chloride to the 
quinone and final reduction with sodium hydrosulphite. 
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Cis- AND Tbans-azobbnzene. —^Azobeuzene can exist in stereoiso- 
meric forms but it is only recently that the two isomerides of 
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this common compound have been isolated. (Hartley, Nature, 
1937, 140, 281 ; J. Ohem. Soc., 1938, 633). Commercial azo¬ 
benzene is nearly pure imjzs-azohenzene and the pure trans- 
isomeride (m.p. 68°) can be prepared from it by crystallisation from 
an alcoholic solution boiled for six hours in the dark. When 
solutions of this compound are exposed to light an equilibrium 
between the cis- and trans- form is established containing from 
15-40 per cent, of the cis- form according to the solvent used. This 
change is analogous to the conversion of the stable aromatic 
a-aldoximes into the labile /8-aldoximes by the action of light 
(Ciamician and Silber, Ber., 1903, 36, 4268 ; Brady and McHugh, 
J. Ch&m. Soc., 1924, 12S, 547). 

R.C.H B.C.H 

II II 

NOH HON 

a-aldoxime jS-aldoxime 

The cis-azobenzene is more soluble than the trans- form in polar 
solvents especially in water (6'5 x 10~*mol. per litre at 25° C. com¬ 
pared with 2 X 10~® mol. per litre) but less soluble in such solvents 
as light petroleum (about 0-9 per cent, compared with 3-5 per cent, 
in petroleum b.p. 40-60°). Pure cis-azobenzene (m.p. 714°) was 
prepared by exposing a saturated solution of ordinary azobenzene in 
glacial acetic acid to bright light for three or four hours and fraction¬ 
ally precipitating the compound by the addition of water, when the 
more soluble and therefore last precipitated portions contain most of 
the cis-compoTmd. Final purification was effected by dissolving the 
impure material in light petroleum at room temperature and cooling 
in an ice and salt mixture, when the pure cis-azobenzene crystallises 
out in bright red crystals. 

A more rapid method of obtaining smaE quantities of cis- 
azobenzene has been described by Cook (J. Chem. Soc., 1938, 87^) 
and consists in chromatographic analysis of a solution of azobenzene 
in light petroleum hridiated for 30 minutes with a quartz mercury 
vapour lamp. 

The cis- compormd is stable in the sohd state in the dark at room 
temperature but is converted completely into the trans- form on 
keeping it above its melting point for a short time; in solution in 
the dark it changes slowly to the trans- compound and this change is 
hastened by rise in temperature. The photochemical change gives 
rise to an equEibrium cis ^ trans but the thermal change is in 
pme direction only cis—and at room-temperatmre is slow 
with the photochemical transformation. The configura- 
tioh of the two forms was determined by dipole moment measure- 
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ments, the cis- form having a moment of 3-0 D and the trans- a 
moment of zero. 

In order to determine the relative amoimts of isomerides present 
in equilibrium mixtures in solution either a photometric method 
depending upon the greater absorption in the blue region of the 
spectrum exhibited by the cis- form or dipole moment measmements 
may be employed. (Hartley and Le Fevre, J. Ohem. Soc., 1939, 
631). The latter workers have shown that ordinary p-azotoluene is 
the trans- form but that when a solution of this compound in benzene 
is exposed to light an equilibrium is set up containing 7 per cent, of 
the cis-isomeride. Cis-p-azotoluene has been isolated by Cook (he. 
cit.) by chromatographic analysis of an irridiated solution as deep red 
needles, m.p. 105°. Two forms of azoxybenzene have beenknown for 
many years (Reissert, Ber., 1909, 42, 1367) but it was only recently 
that it was established that these are geometrical isomerides and 
their configuration determined by dipole moment measurements. 
(Gehrekens and Muller, Annalen, 1933, 50, 296). 

Ph.N O 

II 

N.Ph 

stable imws-azoxybenzen© 
in.p. 36° ; /t «= 1-7 

Asymmetric Tbanseormation (Optical Activation) in Solution. 
—^An important contribution to this subject has been made by 
Jamison and Turner {J. Ohem. Soc., 1938, 1646). 

The optical resolution of an optically stable acid A by means 
of an optically active and optically stable base IB is successful if a 
solvent can be found in which the solubilities of the two diastereo- 
isomerides, lB.dA and iB.ZA are sufficiently different to permit of 
what is virtually a fractional crystallisation. This is, of course, the 
basis of Pasteur’s well-known method of resolution. When the 
acid is optically unstable, that is, it racemises relatively rapidly 
imder the conditions of experiment, the separation of the less soluble 
salt IB.dA, for example, is followed by raoemisation of the acid portion 
of the salt left in solution IBIA ^ IBdA, with the result that more 
of the less soluble salt IBdA separates until finally all the acid 
separates in this form. There are many instances of this phenomenon 
on record and Kuhn (Ber., 1932, 65, 49) has designated them as 
“ as 5 rmmetric transformations of the second order." 

Perhaps the most striking case is that recorded by Mills and 
Elliott (J. Ohem. Soc., 1928, 1291). When brucine and N-benzene- 
aulphouyl-8-nitro-l-naphthylglyoiae (V) are mixed in moist acetone 
solution all the salt in solution separates as bruoine-?-acid (-f- 

H ' ■ ■ . 


Ph.N -> O 

II 

Ph.N 

labile m-azoxybenzen© 
m.p. 81°; jU = 4.7 
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PhSOa CHj.COja 

\ / 

N 



(V) 

)>-<( )>NO, 

COjH COjH 
(VII) 


Cl H 

\ / 

C 

/ \ 

Br SOsH 
(VI) 



(Vni) 


CO,H 


If this salt is dissolved in moist methyl alcohol the solution soon 
deposits the whole of the dissolved material as brucine-d-acid 
(+ ^HgO) since this is the less soluble salt in the new solvent. 

In these cases the determining factor deciding which salt will 
separate is the solubility ratio of IRdA and TB2A and the relative 
stabilities of these salts do not affect the result. If, however, neither 
salt crystallises the solution may contain unequal amounts of IB.dA 
and ZB.ZA. The 6ist observation of this phenomenon was that of 
Read and McMath {J, Chem. Soc., 1926,127, 1672), who concluded 
that the composition of the equilibrium mixture in an acetone 
solution of the l-hydroxyhydrindamine salts of chlorobromomethane 
sulphonic acid (VI) wsis 19 per cent, of Z-base-cZ-acid and 81 per cent/ 
of Z"base-Z-acid. Kuhn and Albrecht {Annalerii 1927, 455, 272) 
found that 4:4'-dmitrodiphenic acid (VII) gave a strongly 
jcZ-rotatory salt with Z-quinine and ascribed this result and that of 
"Read and McMath to “ asymmetric transformation of the first order.’' 
Lesslie and Turner (J. Chem. Soc., 1934, 347) found that diphenic 
acid (VIII) itself behaved similarly to its dinitro derivative. 

Jamison and Turner (Zoc. ciL) in an investigation of the processes 
underlying first order asymmetric transformation have shown that 
the equilibrium ZB.dA ^ ZB.ZA, when B is an optically stable active 
base and A is an optically unstable acid, is markedly altered by 
adding excess of dl-A, even in the case of acids of very low optical 
stability. Tor example, a chloroform solution of equivalent 
quantities of nor-d-^phedrine and benzoyl-2 ; 4-dichloro-2'-carb- 
oxy-diphenylamine (IX) was Z-rotatory, but when more of the 
inactive acid was added to this solution the Z-rotation gradually 
decreased with increasing quantities of acid and the solution finally 
bcKsame drxotato Similar observations were made with the 
dimethyl compound (X). The optical stability of 
^6se two acids is so small that mutarotational ejBFects were not 
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Brt^ 
Y 


HO,Oi^Br 
X 


Br 



N 

N 

I 

OOPh 

1 

COPh 

1 

COPh 

(IX) 

(X) 

(XI) 


observed at room temperatures but when chloroform solutions of an 
active base and excess of either inactive acids were mixed at —30° 
rapid mutarotation was observed and it cannot be doubted that tbig 
was due to the estabhshment of an equilibrium in which dA, mainly 
combined as W.dA, was present in larger quantities than IB.IA. 
It, therefore, appears to follow that if addition of an optically 
u nstable acid dlA to a chloroform solution of an optically stable, 
active base at ordinary temperatures is accompanied by a consider¬ 
able change in rotation, first order asymmetric transformation is 
responsible and that if the addition were carried out at a low enough 
temperature this transformation could be observed by the muta¬ 
rotation of the solution. 

It also follows that with an acid of moderate optical stability, 
that is, one whose racemisation can be observed in solution at 
ordinary temperatures, addition of excess of inactive acid to the 
neutral salt of this acid with an active base should cause no great 
change in rotation at the moment of mixing but that mutarotation 
should be observed. This was confirmed by using benzoyl-4-2'-4'- 
tribromo-fi'-carboxydiphenylamine (XI). A kinetic investigation 
showed that for the i-cinchonidine salt of this acid the equilibrium in 
chloroform for the neutral salt was 49-1 per cent. lB.dA and 50-9 per 
cent. IB.IA. In the presence of excess of the acid, approach to 
equilibrium was much faster, and it is probable that a certain 
proportion of the excess of free acid is finally present in the active 
form. The authors make it clear, however, that they regard their 
work as but a preliminary investigation of asymmetric transforma¬ 
tion and further results will be awaited with interest. 

The optical activity of the acids (IX), (X) and (XI) is due to 
restricted rotation within the molecule. Consideration of a model 
of (XI) shows that the system Y—N—^COPh cannot rotate freely 
round the axis N—X owing to the presence of the bromine and the 
carboxyl group; in consequence, this acid has moderate optical 
stability. In the oases of the acids (IX) and (X) the obstruotional 
effect is much smaller and the optical stability is very slight. ‘S^hen.' 
the chlorine atoms in (IX) are absent the aJkaioi^I salts of the a^ . 
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still show marked change in rotation on the addition of excess of acid, 
but even at —30° mutarotation is too rapid to be observable. 

The work described promises to increase our knowledge of the 
nature of salts in solution in organic solvents. The optical activa¬ 
tions observed by Jamison and Turner must depend on the presence 
in solution of non-dissociated salts. In hydroxylic solvents a salt 
such as IB-dA is largely dissociated and the relative stabilities of 
IB.dA and IB.IA cannot have their effect. 

Loss OP Nitrogen in the Chamber Process for the MANtrpAOTXJRB 
OP SuEPHURio Acid.— ^In accordance with the reactions usually 
given for the oxidation of sulphur dioxide in the Chamber Process, 
the oxides of nitrogen introduced, apart from mechanical losses, 
should suffice to carry on the process indefinitely 

2SOj + + NO) + O, -F H^O -> 2SOa(OH).OJSrO 

2SOj(OH).O.NO + HgO -> 2HsS04 + NjOj. 

In practice, however, this is not the case and the oxides of nitrogen 
must be continually renewed. The isolation of sulphur monoxide 
(Schenk, Zeit. anorg. OTtem., 1933, 211, 150) and the demonstration 
that this compound is formed to the extent of 1 per cent, when a 
mixture of sulphur vapour, sulphur dioxide and air is passed through 
a tube heated to 700° suggests that this compound may be present in 
appreciable quantities in the gases from pyrites burners and may 
reduce the higher oxides of nitrogen to nitrous oxide and/or nitrogen 
and thus remove them from the cycle. Support to this possibility 
is given by the work of WflMns and Soper {J. Ohem. 8oc., 1939, 
600), who have shown that sulphur monoxide readily reduces 
nitrous acid to nitrogen in accordance with the equation 

3SO-I-N,0» = 3SO,-f Ns. 

PHYSICAL CHEMISTRY. By H. W. MELVintB, D.Sc., Ph.D., Colloid 
Science Laboratory, Cambridge. 

The Hydrogen Bond. —^In the representation of the structure of 
chemical compoimds it is usual to consider that the hydrogen atom 
is attached to only one other atom by what is termed a single bond 
involving the sharing of two electrons. But within recent years a 
obnsiderable body of evidence has accumulated which points to the 
fact that the h 3 rdrogen atom is rather more versatile in its behaviour. 
Indeed tiie hydrogen atom may apparently become perhaps not 
divalent, but certainly it may possess a bond order greater than 
unity. This idea is not by any means new for it was suggested 
many years ago as a means for explaining the association of mole- 
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cules containing hydrogen. For example Huggins (1919, quoted by 
Hilbert, Wulf, Hendricks and Liddel, J. Amer. Ghem. 8oc., 58, 648, 
1936) and Latimer and Rodebush {ibid., 42, 1419, 1920) suggest 
that the well-known association of water molecules and the formation 
of ions such as HF^ might be explained in this way. The presumed 
structure of associated water was supposed to be 

H 
(2) H 

the hydrogen (2) being equally shared between the two oxygen 
atoms. Similarly the HFj ion was represented by 

— 4 - — 

• • •« 

since Pauling has pointed out (Proc. Nat. Acad. Sci., 14, 369, 1928) 
in virtue of the Pauli Exclusion Principle that the bonding must be 
ionic in character. Sidgwick {J. Ghem. Soc., 127, 907, 1926) 
extended the idea to organic compoimds. Furthermore, since the 
beginning of classical physical chemistry of liquids and solutions 
many examples of associated molecules have been observed especi¬ 
ally among carboxylic acids. These latter methods could some¬ 
times give no more than a qualitative indication of the presence 
of associated molecules, although with the carboxylic acids mole¬ 
cular weight determinations at once gave exactly the degree of 
association. The problem to be tackled then is not so much the 
demonstration of the existence of associated molecules but the 
precise determination of their structure and concentration in order 
that some ideas might be obtained about the formulation of an 
explanation of the phenomenon based on the newer concepts of 
valency. 

Two methods may obviously be applied to the problem, namely 
(a) the X-ray and electron diffraction technique ^ and (6) the infra¬ 
red method of determining molecular structure. The former is 
more suited for the solid state of matter and the latter for the 
liquid state. This review will be mainly confined to infra-red 
investigations of hydrogen bonding, the pioneer work having been 
done by Wulf and his co-workers and by Errera and his coleagues. 

First of all, however, mention may be made of an early paper 
by PauHng and Brockway {Proc. Nat. Acad. 8ci., 20, 336, 1934) 

* A review of this aspect of the problem by J. M. Robertson has reoenHy 
appeared in Soienok Peogbess, XXXHI, 663, 1939. 
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on the electron diffraction pattern of formic acid vapoxir. By 
making the assumption that a given proportion of double mole¬ 
cules is present these authors found that the following structure 
will theoretically give a diffraction pattern similar to that observed. 

a = 1-29 ± 0-02A 
h = 2-67 ± 0 04A 
a = 125 ± 6° 

The actual position of the hydrogens is not of course known, but 
it is interesting to note that the 0—0 distance is intermediate 
between that in ice—2-77 x 10“*cm.—and that in potassium hydro¬ 
gen phthalate—2-54 A. Further the angle is intermediate between 
that for a double and a single bond, but the 0—0 distance is normal 
compared with that—1-29 x 10“®—found by Pauling and Sherman 
{ibid., 20, 340, 1934) for basic beryllium acetate. 

The infra-red work started when Hilbert, Wulf, Hendricks and 
Liddel {Nature, 135, 147, 1936) and Errera and MoUet {Comp, 
rend., 200, 814, 1935) independently found that the characteristic 
absorptions of OH containing molecules at about 0-9, 1-6 and 3-0/i 
were absent when the liquids or solutions in carbon tetrachloride 
were examined. Before describing the results in more detail, 
perhax^ some indication of the nature of OH and of NH absorption 
should be given. The exact position of the peak and also the form 
of the absorption band of such molecules, whether fundamental or 
overtone, depend on the structures of the remainder of the mole¬ 
cule. The question then arises as to how some quantitative measure 
of OH and of NH absorption may be obtained which win not depend 
on groups attached to the oxygen and the nitrogen atoms respec¬ 
tively. Wulf and Liddel {J. Amer. Chem. 8oc., 57, 1464, 1935) 
had however foimd by the investigation of a very large number 
of such molecules that if the molecular extinction coefficient (meas¬ 
ured in dilute solution to avoid association) is plotted against 
frequency in cm." ^ the area under the curve so obtained does not 
vary by more than a factor of 2-3 for similar compounds. For 
example with phenolic compounds which absorb around 7100 cm.“^ 
/ (1-41/i), that is, the second harmonic of the N—^H vibration, the 
molai absorption coefficient area ^ in litres em.“ ® mole“ ^ varies from 
70 for o-methoxy ben 2 yl alcohol to 170 per OH group for catechol. 

1 This is the area under the absorption curve in cm®. The ordinates and 
abscessse are actually arbitrarily chosen. 
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Similarly for NHa compounds absorbing around 6600 cm.~i (1‘51/t) 
the extreme values are 65 for methyl anthranilate and 200 for 
^-nitro aniline. Likewise NH compounds exhibit the same char¬ 
acteristics, for example, 55 for di-»-heptylamine and 125 for 
9-fluorenoneimide. In estimating the number of OH, NH, etc., 
absorbing groups in any given known mixture the accuracy will 
of course greatly exceed that implied by the above mentioned 
figures, though it must be remembered that the molecular extinc¬ 



tion coefficient, apart from association phenomena, does vary with 
the concentration of the solution. 

The type of absorption spectra exhibited when association of 
molecules occurs is clearly shown by Fig, 1 taken from a paper 
by Fox and Martin {Proc. Boy. 8oc., A, 162, 419, 1937) on the 
alcohols. As will be observed the monomer and polymer bands 
are weU separated. 

It is now of importance to s^ whether in simple obiapouB^, 
exhibiting association, the infra-red technique can fe icosseiBi^; 
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quantitatively with other physical methods. This will then indi¬ 
cate how much confidence may be placed on inifra-red data in those 
molecules where other methods fail to yield a satisfactory answer 
to the question of appreciable association. 

Caeboxyiio Acids.—^T he carboxylic acids provide a good test 
of the method. Badger and Bauer (J. Chem. Physics^ 5, 605, 1937) 
have found that acetic acid vapour possesses a sharp and well 
defined OH absorption band at 0*970/« (10,300 cm.”^), that is, the 
second harmonic, the intensity of which depends on concentration 
and temperature. The percentage of OH groups present was esti¬ 
mated by putting known concentrations in the absorption cell and 
heating to such a temperature that only monomeric molecules were 
present. Assuming that temperature had no appreciable effect on 
the molecular extinction coefficient of the OH group the number 
of OH groups could be computed when there was association. 
Although the accuracy of the method was not claimed to be high, 
the infra-red data agreed well with the vapour density results of 
MacDougall (J. Amer, Chem. Soc,, 58, 2585, 1936). There are, 
however, two dimeric formulae for acetic acid 

O—H . . . O O . . . H—0 

CRi.d^ ^C.CHs and CH..o"^ ^C.CHj 

\ / \ / 

O . . . H—O OH O 

It is improbable that the second formula represents the structure 
of the dimer, but the infra-red measurements in the vapour only 
indicate a partial disappearance of the characteristic OH absorp¬ 
tion and cannot therefore discriminate between the two possibilities. 

These experiments have been extended by Davies and Suther¬ 
land (J. Chem, Physics, 6, 755, 1938) who examined a number of 
carboxylic acids in carbon tetrachloride solution, not only for OH 
absorption but also for C=0 and for — C — O absorption. These 
additional observations lead to further conclusions about the struc¬ 
ture of the dimer. Acetic acid and benzoic acid both show strong 
absorption at 2*84^ (3520 om.‘"^), such absorption increasing with 
increasing temperature and being due to the OH group. "At 
about 3-3/t (3030 cm."^) where absorption by the dimer might be 
expected the 0—^H absorption is so strong that it masks that due 
to the dimer. In trichloracetic acid C —^H absorption is avoided 
and an association band now appears at 2-9 to 3-3/z (3450-3030 cm.” 
as is proved by the decrease in its intensity with mcreasing tem- 
pei^ture. The OH absorption in alcohols at 2*76/^ (3620 cm.) thus 
differs somewhat from that in acids, and therefore allows of a 
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discrimination in a complex molecule between the two types of 
absorbing centre. In trichloracetic acid the peak of the absorption 
is at a slightly longer wavelength, due presumably to a weaker bond 
on account of the greater strength of the acid. The centre of the 
dimeric band is at 3-25^ (3076 cm.~’^), this band being much broader 
than the sharp OH band. The shift in frequency on association is 
thus 448 om.~ ^ compared with 230 cm." ^ for the alcohols (see below). 

The C=0 vibration is likewise affected by association. Here 
there are two peaks at 5-66^ (1768 cm.“^) and 6-82/^(1718 om."^) 
the latter being the more intense. When the temperature of the 
solution is raised to 73-5° C. the peaks shift a little to 5-64/t and 
5-81/« but axe now nearly equal in intensity. The effect of tem¬ 
perature on the absorption peaks due to the —G—0— group also 
3 delds evidence about the origin of these bands, of which there 
are three for trichloracetic acid at 6-98, 7-06 and 7-85/i. The band 
at 6-98/t disappears as the temperature is raised, whereas the band 
at 6-82/j changes its position to 7-2/f and becomes very strong. 
The former band must therefore be due to the dimer and the latter 
to the monomer. IVom these observations it is possible to estimate 
approximately from the frequency shifts what change occurs in 
internuclear separation when dimerisation takes place. To do this 
use must be made of an empirical relationship due to Clark {PMl. 
Mag., 18, 469, 1934) between internuclear distance and vibration 
frequency. The following results for acetic acid show that the 
change in internuclear distance is comparatively small: 


C = O TIBRATION 



Absorption Imnd 





cm.—' 

Monomer .... 

r>-05 

1768 

1-195 

0-016 

Dimer. 

6-82 

—0—0— 

1701 

VIBRATION 

1-211 

Monomer .... 

7-2S 

1379 

1-298 

0013 

Dimer. 

6-94 

1425 

1-286 


In view of the small frequency shift in the OH bands it must be 
concluded that when acetic acid associates it does not do so to a 
symmetrical structure 


O—H—O 


OH,.C 


/ 

\ 


\ 


O—H—O 




O.OH, 
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but to the unsymmetrioal form 


CH,.0 




o . 


\, 


OH 


. HO 

'^C.CHs 

/ 

. . 0 


in which the hydrogens are only very weakly bound to the ketonio 
oxygens. 

Using the integral absorption of the monomeric band at 2-83^ 
(3530 cm.“^), Davies and Sutherland (J. Chem. Physics, 6, 767, 
1938) have estimated how the concentration of the monomer varies 
with total acid concentration and with temperature for acetic, 
benzoic and lamlc acids in carbon tetrachloride solution. The 
figures so obtained agree reasonably well with what would be ex¬ 
pected from the law of mass action. The temperature coefficient 
of the equilibrium constant gave a value of 9300 cals, per mole for 
the heat of association as compared with 15,600 cals, firom other 
data. The result was not so satisfactory for benzoic acid. This 
is probably due to the fact that the integral molecular absorption 
of the monomeric OH band is affected both by concentration and 
by temperature. 

When a hydroxyl group is introduced into the acid molecule 
matters become a good deal more complicated because of the 
tendency of the alcoholic OH groups to exhibit association pheno¬ 
mena. There are now a number of different associated struc¬ 
tures, but it is possible, as has been shown by Davies (J. Chem. 
Physics, 6, 770, 1938), in the case of w-hydroxy rmdecanoic acid 

CHsOH(CH*)iCOOH 

to determine approximately what happens at any given con¬ 
centration, for the absorption of alcohohc and carboxyho 
OH may be studied simultaneously. The following figures show 
how the concentration of free OH groups, calculated from the 
integral absorptions, and apparent molecular weights vary with 
concentration 


gm, mole/lit. 

0 

00035 

0 007 

0-020 

0-037 

0050 

OOC25 

0-074 

0-125 

0-162 

Mol wt. 

^ree alcoholic 
.OH,% . . , 

Free carboxylic 

OH, % . . . 

202 

30 

18-0 

64 

28-5 

63 

. 

386 

15-9 

60 

420 

66 

1-25 

490 


The relatively small percentage of free carboxylic OH groups at 
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concentrations where the percentage of free aloohoKc OH groups 
is considerably higher, i,e, above 0*007 gm. mole/lit. indicates that 
the following type of associated structure must be present 


HO.CH2(CH2)o.C 


/ 


OH 


HO 


\ 




C.(CH2),.CH20H. 


. o 


But this structure alone would not account for any reduction at 
all in alcoholic OH concentration and hence it is probable that 
there is interaction between two molecules involving the alcohoHc 
OH group according to these formulse 

ia) H 00 C(CH 2 ) 9 .CH 20 H . . . H 0 .CH 2 (CH 2 ) 8 .C 00 H 
(b) HO.CHg(CH2)o.COOH . . . HO.CH2(CH2)8.COOH. 

It will be observed that a concentration of 0*0035 moles/lit. both 
OH absorptions are low and that moreover the OH carboxylic 
absorption at 0*007 moles/ht. is actually greater than that at 
0*0035. This anomalous behaviour is attributed to cycHsation 



although then the carboxylic OH ought not to be affected, 
Alooholio Association. —^It has long been known that 
hydroxylic compounds exhibit anomalous physical propeirties which 
behaviour has been attributed to association ,of some kind. Unlike 
carboxylic acids, however, such properties could not directly give 
a measure of the degree of association. Here therefore the infra¬ 
red technique becomes especially valuable (Fox and Martin, Pfoc. 
Roy. Soc., A, 162, 419, 1937). A typical plot of molecular extinc¬ 
tion coefficient as a function of wavelength is shown in Fig. 1. 
The narrow absorption band at 2*77/* (3610 cm."^) is characteristic 
of all alcohols and the peak of the sharp band does not depend to 
any large extent on the structure of the alcohol. For all noraial 
aliphatic alcohols it is at 2*75/*, for CeH6CH20H 2*764, for 
(CeHs)2CH0H 2*766, and for (G«H5)sOOH^2*76^. On the 
wavelength side of this band, there is a vdde band winch ^ 
tainly due to association, for as the concentration of the 
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is increased this band becomes more prominent. The question 
arises as to whether the associated molecule here is a dimer 

R R 

I I 

OH ... OH 

or a polymer 

!R) R 'R 

in ... OH ... in 

If association took place to the dimer then the OH absorption 
should only be decreased to half at the highest concentrations. 
In point of fact the reduction in extinction coefficient is greater 
than this, which would favour the polymer structure. Again, 
however, the effect of concentration on the molecular extinction 
coefficient of the OH group may account for this result. Similar 
behaviour is shown by aU alcohols, the difference in the position 
of the two absorption bands being relatively small, thereby indi¬ 
cating that the strength of the OH band is not much weakened 
as a result of the association of the hydrogen atom with another 
molecule. 

When the alcohol is dissolved in a nonpolar solvent there is 
the possibility of interaction between solute and solvent (Errera 
and Sack, Tram, Faraday 33, 728, 1938). With ethykalcohol 
dissolved in OCI 4 the first and second harmonics of the monomer 
band appear at 3630 and 7100 cm.'“^ and the polymer bands at 
3300 cm,*"^ and 6300 cm."”^ On solution in dioxane or acetone 
only a single band at 3500 cm."" ^ makes its appearance, while the 
peak is slightly different at 3260 cm.”^ in pyridine. Likewise the 
characteristic phenoKc bands disappear, to be replaced by a single 
band. If to these binary mixtures is added a nonpolar solvent 
such as carbon tetrachloride all three bands, that is monomer, 
polymer and alcohol-dioxane, make their appearance. It is a 
curious fact that although the intensity of the polymer band 
decreases rapidly with increasing temperature, that due to the 
complex is not much affected. 

lH*rRA- AND torm-MOLECnDDAR BoNDINQ THEOUaH Hydeoobn. 
—ftpovided certain geometrical criteria are fulfilled intramolecular 
a^ociation can occur as was shown by Errera and Sack {loc, cit,) 
for the hydroxybenzaldehydes. Liquid o-hydroxybenzaldehyde 
does not exhibit the characteristic absorption of phenol, two broad 
bands ^h peaks at 3150 and 3080 cm."^ appearing in place of 
the former band. Ibis absorption is not due to intermolecular 
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association for a dilute solution in carbon tetrachloride absorbs in 
the same region. But if dioxane is used as a solvent the peak of 
the band is shifted to 3250 cm.” \ that is, towards the monomeric 
OH frequency, thus pointing to a reduction in intramolecular 
hydrogen bonding. With m-hydroxybenzaldehyde the normal OH 
frequency at 3300 cm.“^ is present, for the hydrogen of the OH 
group is too far away to interact with the oxygen of the aldehyde 
group. The structure of the o-hydroxy benzaldehyde is probably 


H 

C 



a six-membered ring being formed. 

The detection of hydrogen bonding between unlike molecules is 
compMcated by the fact that the proton acceptor or electron donor, 
as it is sometimes called, absorbs strongly in the region of the mono¬ 
meric and polymeric OH bands. In order to overcome this diffi- 
culty W. Gordy (J. Ghem. Physics, 7, 93, 1939) has studied the 
infra-red absorption spectra of OHsOD. By replacing the hydroxylic 
hydrogen by deuterium the fundamental absorption is shifted from 
3 to that is, clear of the absorption of other molecules. OHgOD 
shows the same association phenomena as OH3OH. In benzene 
solution the OD absorption has its peak at 3-75/^ while the pure 
liquid has a peak at about 4/* which is due to association. Similar 
association peaks are observed when CH3OD is dissolved in a 
large number of oxygen-containing solvents. Association is least 
hi evidence in nitrobenzene and o-nitrotoluene. In the acetates, 
aldehydes and ketones it is very marked while diethyl ether and 
isopropyl ether lead to the strongest association if this is measured 
by the area of the absorption band or by the intensity of the absorp¬ 
tion at the peak. Typical absorption curves are shown in Fig. 2. 
Nitriles and amines also act as proton acceptors, the OD band in 
some mixtures becoming double, although to a less extent than 
oxygen-oontakdng solvents. Whether the reverse action occurs, 
that is, the amine acting as a proton donor is a question yet to 
be investigated in more detail. 

Errera and Mollet were the first to suggest the formaMon 
intramolecular hydrogen bonds in o-hydroxybenzaldehyde aa^- 
o-nitrophenoh reradits,, 200 , 814, 1935 ; . , 

6, 281, 1936), owing to the absence of OH alsorptapa 
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liquids. There are, however, innumerable organic compounds 
where similar intramolecular links may exist, but a number of 
factors must be taken into consideration when deciding whether 
this type of linking will actually occur, as has been pointed out 
by Hilbert, Wulf, Hendricks and Liddel (J. Amer, Chem, Soc., 
58, 648, 1936). The first is that of geometrical configuration, 
that is, whether the oxygen atom is sufficiently close to allow of 
effective interaction with the hydrogen atom; the second is the 
electron aflSnity of the atoms sharing the hydrogen bond and the 
third the possibility of the formation of structures exhibiting reson¬ 
ance. Geometrical considerations are best elucidated by determin¬ 
ing the infra-red absorption of a number of compounds in which 
hydrogen bonding is expected. From a considerable amount of 



3’7S S‘$0 4-04 44$ 34$ 3^90 4^04 

Pig. 2 ,—^Absorption of CH 3 OD in vaiious solvents 


X-ray investigation (see J. M. Robertson, Science Puogbess, 
XXXIII, 663, 1939) it would appear that the minimum distance 
between two oxygen atoms with a hydrogen atom in between is 
about 2*60 A. This is therefore the first condition to be fulfilled. 
Thus in the enol forms of acetyl acetone and of benzoyl acetone 
no normal OH absorption can be detected. On the other hand, 
aldol—^-hydroxy butyraldehyde—shows evidence of hydrogen 
bonding even though the geometrical configuration is precisely 
similar to that in /9-diketones. These latter compounds form six- 
membered rings, presumably free from strain. The reluctance of 
aldol to form hydrogen bands is therefore attributed to small 
electron affinity. In compounds such as benzoin, (Z-diethyl tartrate 
where hydrogen bonding would involve the formation of five- or 
seven-membcred rings absorption (though somewhat modified) in 
the OH region shows that no such bonding occurs. 
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Similarly in ethylene glycol monoacetate where a seven-membered 
ring might be formed, there is again no OH absorption. 

All compounds of the general ty^pe X—CHO, X—COOR and 
X—COR, where X is an ortho hydroxy aromatic nucleus unsubsti¬ 
tuted in the three position, exhibit intramolecular bonding. The 
presence of substituents in the 4, 5 or 6 positions do not prevent 
bonding. The nitro compounds also show some interesting fea¬ 
tures. Ortho nitro phenols give no characteristic OH absorption, 
in m-nitro phenol OH absorption is strong. In 3-nitro-oatechoI 
only one of the hydroxylic hydrogens is involved in hydrogen 
bonding, the other exhibits strong absorption with a peak at 
6920 cm.~^ But the substitution of another NO 2 group as in 2 : 4 


OH 


\/ 

NOj 


OH 


(I) 


OH 

/\no. 




OH 


( 11 ) 


O...HO 



O...HO 

(III) 


COOEt 



COOEt 


(IV) 


dinitro-resorcinol (I) wipes out OH absorption once more. A 
rather curious example is 2-nitro-resorcinol (II) ; here no OH 
absorption can be detected, hence it must be concluded that two 
hydrogen bonds terminate on one nitro group. Another example 
of a compound possessing more than one hydrogen bond in the 
same molecule is afforded by 1:4- (and also 1:6-) dihydroxy- 
anthraquinone (III). Purely steric effects seem to be responsible 
forthe persistence of OH absorption in 3:6-dibrorao-2: d-dibydroxy- 
diethyl-terephthalate (IV) the sugg^tioix being made ttot, tli^ 
bulky bromine atoms piwh the cacbethoay group away " 
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hydroxyls. Removal of the bromine atoms to form 2 : 5-dihydroxy- 
diethyl-terephthalate once more leads to hydrogen bonding. 

Examples can of course be multiplied almost indefinitely. 
One of the main advances made by the application of the infra¬ 
red technique is the definite proof of the existence of hydrogen 
bonds in compounds where the usual physical methods would have 
been unequivocal in their decision for or against the structure. 
The spectroscopic method at once provides a certain and direct 
indication of th^e existence of hydrogen bonds about which there 
can be little argument. 

GEOLOGY. By G. W. Tybrell, A.R.C.So., D.Sc., F.R.S.E., The Uni- 

versity, Glasgow. 

Peteogbaphy oe Ignbotjs Rocks (Great Britain, Europe, 
Asia). —^L. M. Ingold describes “ The Geology of the Curr 3 rHrongaun- 
Doughruagh Area, co. Galway ” (Proc. Boy. Irish Acad., XLIII, 
Sect. B, No. 10 , 1937, 136-59). The hiUs consist of an intrusion of 
eucrite which metamorphoses the schists and injection-gneisses of 
the Connemara Series. This rock is particularly rich in rhombic 
pyroxene, and is probably connected with a small intrusion of 
serpentine. Both intrusions are thought to be of Pre-Cambrian 

One of the most interesting new results of J. G. C. Anderson’s 
exhaustive work on “ The Etive Granite Complex ” {Qvart. Jomn. 
Oeol. 8oe., XCIII, 1937, 487-533) is that the Bheinn a’ Bhuiridh 
screen on the south-eastern side of the Cruachan Granite consists of 
Devonian hornblende-andesites which have been metamorphosed on 
a considerable scale to biotite-schists by contemporaneous contact- 
sLction and shearing. The MeaU Odhar Granite has been separ¬ 
ated from the Cruachan Granite, which it cuts and overlies with a 
flattish base. This is in accord with the hypothesis of large-scale 
stoping which has been invoked to explain the structural relations 
of the complex. 

The main part of W. A. Deer’s paper on “ The Diorites and 
Associated Rocks of the Glen Tilt Complex, Perthshire ” (Geol. 
Jfojr., LXXV, 1938, 174-84) is devoted to a discussion of the 
: graoiite-diorite hybrid rocks which have been developed on the 
margin of the complex. An interesting point which has emerged 
from this study is that a low PjOj content appears to be character- 
istio of granite which has suffered endo-contamination (Nockolds), 
in contrast to the high P 2 O 5 content which is usually found in 
exG-o<mtaminated granites. 

With the aid of several new analyses, the same author again 
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discusses “ The Marginal Rocks of the Cairnsmore of Carsphairn 
Complex ” {ibid., LXXIV, 1937, 361-76), and shows that the sedi¬ 
mentary contamination on the margins of this complex was due to 
incorporation of xenohths of greywacke and shale in an early gabhro 
member before the main intrusion of tonahte took place. 

The geochemistry of the process of granitisation is considered by 
Malcolm MacGregor in a paper on “ The Evolution of the Criflfel- 
Dalbeattie Quartz-diorite : A Study of Granitization ” [Qeol. Mag., 
LXXV, 1938, 481-96) with the aid of additional analytical data to 
that given m his earher paper on the same massif (Scibnob Pko- 
GEBSS, XXXII, 1938, p. 630). He concludes that the process of 
“ granitisation,” whereby greywackes and shales have been con¬ 
verted into quartz-diorite at the western end of the complex, was 
due to the uprise of a “ parent magma ” of “ alkali-feldspar ” 
composition, involving selective metasomatism of the country rocks 
by which their composition, whatever its initial make-up, converged 
towards quartz-diorite. 

C. Koomans and P. H. Kuenen discuss the “ Differentiation of 
the Glen More Ring-dike ” of Mull (Cfeol. Mag., LXXV, 1938, 
145-60), with the aid of four new analyses. The theory that the 
upward transition in this intrusion from basic to acid is due to 
gravity-differentiation has been opposed by A. Holmes and others, 
and a hybridisation theory of the mixing of two contrasted magmas 
substituted. Koomans and Kuenen, however, support the original 
theory with small modifications, and point out the serious difficulties 
encountered by hybridisation and mixing theories. 

In his third paper on “The Petrology of Bamavave,” S. R. 
Nockolds describes “ Some Hybrids from East and South-East of 
Bamavave Mountain ” {Qeol. Mag., LXXV, 1938, 469-79). The 
eucrite of Bamavave is altered and impregnated by later quartzo- 
feldspathic material. Certain small “ alkahne pools ” in the altered 
rocks are ascribed to materials carried in by granitic veins rich itt 
alkali-feldspar. 

The “ Replacement Veins in the Moume Mountains Granites, 
North Ireland,” described by S. R. Nockolds and J. E. Richey 
{Amer. Joum. Sci., 237, 1939, 27-47), ai© mostly of greisen type. 
The dominant variety carries abundant siderophyllite, a rare iron- 
rich green mica. Later fissure veins carry fluorite, apophylUte and 
daphnite, an iron-rich chlorite. Iron, fluorine and water, with 
minor amounts of aluminium and lithium, have been added to the 
veins firem outside, and the transporting medium has likewise ire- 
moved nearly all the sodium, and some of the pbtas^um, usdeidatt 
and silica. 
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In his memoir on “ The Anorthosite and Kenningite of the 
Nordingr&-R6d6 Region: A Contribution to the Problem of the 
Anorthosites,” H. von Eckermann (Geol. For. Forh. Stockholm, 60, 
1938, 243-84) claims that the initial magma was of gabbroid Oom- 
position, and that anorthosite was formed by the concentration of 
plagioclase crystals towards the roof of the magma-chamber. Con¬ 
centration of volatiles beneath the roof of frozen but still hot 
anorthosite led to the formation of a zone of gabbro-pegmatite. 
Some highly porphyritio dike-rocks, called kenningite, are of similar 
chemical composition to the anorthosite, and are believed to repre¬ 
sent volcanic magma produced by a sudden short-lived re-fusion 
of a part of the anorthosite roof. 

In his paper on “ L’Activity volcanique dans le Barrandien,” 
E. Slavik {BuU. Soc. giol. France (6), VII, 1937, 627-40) summarises 
the volcanicity of the geological periods from AlgonMan to Devonian, 
still comprised under the term “ Barrandian.” It appears that the 
majority of the igneous rocks belong to the spihtic suite. 

In his paper “ La petrologie du pluton de la Boh§me centrale,” 
A. Orlov {iUd., VII, 1937, 497-612) discusses the evolution of an 
enormous complex batholith, 4000 sq. km. in area, which consists 
of gabbros, diorites, syenites and granodiorites of many different 
types. The order of intrusion is, as usual, from basic to acid. Dur¬ 
ing its very slow and prolonged consolidation the different intrusions 
comprising the batholith came imder the influence of intermittent 
tectonic pressures which caus^ a kind of filtration-differentiation 
within the separate intrusive bodies which, nevertheless, are all 
genetically connected. 

G. Wilson discusses “ The Evolution of the Granodiorite Bocks 
of the South-eastern End of the Kopaonik Batholith, Yugp-slavia ” 
{Qeol. Mag., LXXV, 1938, 193-218). This composite batholith 
forms one of the more southerly members of the peri-Adriatic tonalite 
massife. It is intrusive into sedimentary rocks ranging from domin¬ 
antly calcareous to argillaceous types. The marginal rooks of the 
batholith are considerably modified by assimilation of the sediments, 
which have been metamorphosed into crystalline limestones, skams 
and calc-silicate homfels, grading downward into mica-, amphibole- 
and epidote-scfaists, and locally cordierite-beaiing rocks. The 
differentiation of the bathohth, and the processes of contamination 
and metamorphism, have been the subjects of close study, and are 
illustrated by many detailed chenoical analyses. 

L. Jugovics and A. Marchet describe “ Der Sagberg in Ungam 
und seine Ergussg^teine ” {Min. Peir. Mitt., 49, 1937, 369-414) as 
a mass of basaltic tuffs surmounted by two flows of basalt. A final 
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eraption of dolerite filled fissures in the upper basalt. The rocks 
belong to the Atlantic Series, and are chemically similar to the most 
melanocratio, nephehne-free basalts of the Plattensee. 

In their memoir “ Zur Kenntnis des oberkretazischen VuUranis- 
mus im osthchen Bulgarien,” K. H. Scheumann and A. Schuller 
{Min. Petr. Mitt., 50, 1938, 29-80) describe the extrusive rocks of 
this region as varying from lime-rich pyroxene-andesites, through 
andesitic dacites, to trachytes and quartz-latites. The lavas are 
thoroughly propyhtised. They belong to the sub-Balkan zone of 
igneous activity and are connected with the exposed plutonic 
massifs of eastern Bulgaria. 

Two papers on Roumanian igneous petrography by A. Codar 5 ea 
have been received. The first is a, “ Note pr6hminaire sur certaines 
roches 6ruptives alcahnes et sur quelques lamprophyres de la r4gion 
Ogradina (Dept, de Severin) ” {Bull. Sect. Sci. Acad. Rourmnie, 
XVIII, 1936, 1-7 (reprint)), which deals with a series of nepheline- 
syenites, porphyries and tinguaites, in which cancrinite is a promin¬ 
ent mineral. The second is a “ Note sur la structure geologique 
et p4trographique de la region Ogradina-Svinita (Dept, de 
Severin) ” {O.R. Inst. 0461. Roumanie, XXI, 1937, 179-98). The 
Ogradina region is notable petrographicaUy for the occurrence of an 
extensive zone of “ ophiolitio ” rocks, including serpentine, gabbro 
and epi-gabbro. The Ogradina Granite is believed to be a hybrid 
rock of palingenetic origin. 

An important memoir by P. Kossmat deals with “ Der ophio- 
lithische Magmagiirtel in den Kettengebirgen des mediterranen 
Systems ” {Sitz.-Ber. Prettss. Akad. Wiss. Phys.-Math. Kl., 24, 1937, 
308-26). The term opMolitic, including serpentine, gabbro, dolerite, 
green-stones, with diabase-porphyrites, spilites, keratophyr^, etc., 
is the Continental equivalent of our “ spilitio series.” An enormous 
cicatrix {Narbe), says Kossmat, filled with Sima rising firom abyus^ 
magma-zones, unites the tectonically-coimected northern continents 
(North America, Eurasia) with the southern continental complex 
known as Gondwanaland. The course of the cicatrix, the arcuate 
segments of which follow all the windings of the young folding-zones 
and are plastically moulded on them, clearly proves that its infilling 
antedated the main folding—a view further supported by the pre¬ 
vailingly Late-Mesozoic age of the ophiolitic eruptions. 

,.In a paper “ On the Imperial Porphyry,” 6. Andrew {BtM. Inst. 
SgynOe, XX, 1938, 63-81) describes the geology and petrography of 
the beautiful rose-red ornamental stone {potfido ros^ antioo) which 
was quarried by the Romans in a remote part of the eastern deserl ■ 
of Egypt. It is an andesitic tuff pigmented by a fine powder off 
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hsamatite, but the rock also contains the pink manganiferous epidote, 
withamite. 

In a paper on Spilitic Rocks from Chitaldrug, Mysore State ’’ 
C. S. Richamuthu {Current Science, VII, 1938, 55-7) shows that 
chemical analyses, the occurrence of pillow-structure, and the 
association of the albite-rioh basalts with keratophyres and soda- 
granites, confirm the view that this ancient suite of igneous rocks 
belongs to the spilitic series. 

In his study “ On the Origin of the Pacific Magma Types in the 
Volcanic Inner-Arc of the Soenda Mountain System,’’ R. W. van 
Bemmelen (“ De Ingenieur in Nederlandsch-Indie,^^ IV- Mijnb- en 
QeoL, “ De Mijn-ingenieur,^^ Jaarg. IV, No. 1, 1938, 1-15) distin¬ 
guishes three methods for the generation of magma-types : (1) differ¬ 
entiation of primary magma; (2) magmatisation of pre-existing 
crustal rocks by ascending emanations from the sub-stratum 
(secondary or palingenetic magmas); (3) contamination of magmas 
derived from processes 1 and 2 by assimilation of foreign material 
(syntexis). He concludes that the Pacific magma-types of Java, 
and of the world in general, owe their origin to processes 2 and 3, 
and especially to the ascent of magmatic emanations rich in siKca, 
alumina and alkalis (the ‘‘ migmatite-front ” of Wegmann). 

According to R. W. van Bemmelen, in his memoir on De 
Ringgit-Beser: een geplooide alkali-vulkaan in Oost-Java ” {Nat. 
TiddscJir. v. Ned^rlaridsch.-Indie, XCVIII, 1938, 171-94), this vol¬ 
cano was initiated during the Plio-Pleistocene in a shallow sea. 
During the later Pleistocene it was subjected to folding movements, 
and an asymmetrical antichne developed at its southern foot. A 
collapse-cauldron was simultaneously produced at the summit of the 
rigid main cone. The lavas are highly potassic, ranging from leucite- 
mehlite-basalt to leucite-tephrite and phonolite, of which sixteen 
new analyses are published, as well as four from the adjacent 
Loeroes complex. 

In his paper “ On a Rock of Nordmarkitic Composition from 
Hakuto Volcano, Korea,” J, Suzuki {Journ. Fac. Sci. Hokkaido 
Imper. Univ. Ser. TV, VoL 4, 1938, 173-81) shows that the nord- 
markite occurs as blocks over the whole surface of the volcano, 
which is mainly composed of flows of alkali-trachyte. The nord- 
markite probably represents the deepseated portion of the magmatic 
body which gave rise to the volcano. 

The same author describes The Occurrence of Aegirine-Augite 
in Natrolite Veins in the Dolerite from Nemuro, Hokkaido ” {ibidi, 
183-9). The igneous rocks occurs as innumerable sills and lavas 
within a Senonian formation, and consist mainly of analcite-olivine- 
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dolerite. ^Egirine-atigite is developed where augite phenocrysts 
project into natrolite veins. 

According to H. Kuno, in his “ Note on the Daruma Volcano, 
Izu, Japan ” {Bull. Earthquake Research Inst., Tokyo Irryyer. Univ., 
XVI, 1938, 763-71), this cone may be classed as a shield volcano of 
Hawaiian type, with breached crater, gentle slopes, and hardly any 
violently explosive action. The lavas are hypersthene-augite- 
andesites which became somewhat richer in olivine in later stages 
of activity. 

“ The Erh Ko Shan Volcano, Lung Chiang Province, Manchuria,” 
described by T. Ogura and M. Matsumoto {Survey Reports of Vol- 
canoes in Manchuria, No. 2, 1938, 1-18 (Japanese), 19-21 (English 
summary)), consists of three isolated cones with craters still intact 
or but slightly breached. The lavas are identified as leucite- 
basanite. 

PEDOLOGY. By Pkofessob N. M. Combejb, D.Sc., A.R.C.S., F.I.C., 

The University, Leeds. 

A NOTABLE addition to pedological literature is the English edition 
of Sigmond’s Principles of Soil Science translated firom the Himgarian 
by Yolland (see review, p. 188). 

In the Revue generals des Sciences December 1938 and January 
1939, Professor Agafonoff writes a “ Eevue de P4dologie.” Thk 
is a general account of the subject designed to interest the Prench 
scientists, with a broad account of the soils of Prance as they are 
classified in the Soil Map of Europe. The Soils of Palestine are 
described by Reifenberg in a book which gives a valuable summary 
of the theories of soil formation in the Mediterranean climate (see 
review, p. 189). 

Soil structure—^the size, shape, consistency and degree of per¬ 
manence of aggregates—^has always been an important feature of 
soil profile descriptions. Various systems of classifying structional 
units have been suggested—see Clarke, The Study of the Soil in the 
Eidd, second edition. Recently E. W. Russell {Imperial Bureau of 
Soil Science Technical Communication No. 37, 1938) has reviewed 
the investigations of soil structure—^its specification, classification 
and relation to cultivation. 

The experimental investigation of soil structure is much more 
difficult than might be supposed. Investigations based on the 
determination of permeability and of the pore space are complicated 
by the fact that water applied to a dry soil does more than merely 
fill the pore space; some is strongly absorbed by the sur&oe c£ tte 
soil particles. Moreover, the soil aggregates, on absorbing water* 
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swell, and to some extent disintegrate. Some of the difficulty is 
overcome by using a non-polar liquid. 

Several workers have investigated the possibilities of aggregate 
analysis but there is no final and ultimate definition of an aggregate. 
Some investigators are concerned to determine the size of aggregates 
as they exist in the field, although these are admittedly not per¬ 
manent. At the other extreme there is the conception of what are 
virtually permanent aggregates, and intermediately the water stable 
aggregates may be considered. It is not many years ago that the 
problem of making mechanical analyses of soil, that is of determining 
the sizes of the prime particles, was beset with the difficulty of 
getting a complete disintegration of the aggregates and the inde¬ 
pendence of the prime particles. Attention is now largely focussed 
on the aggregates themselves instead of only on the separate particles 
composing them. ^ 

Various attempts have been made to find some concise expression 
of the structural character of a soil and state of aggregation of its 
particles. Some definitions of structure are expressed in terms of 
the proportion of prime particles below a specified diameter that are 
bound in aggregates above that same or some other specified 
diameter. 

After an air-dried soil has been mixed with water and allowed to 
dry out the state of aggregation of the particles will vary according 
to the amount of water us^. Where only small quantities of water 
are used there is very little aggregation. WThen considerable excess 
of water is used, the tendency is for large and hard clods to be 
formed. Intermediately there is an optimum amount of water 
which giv^ rise to aggregates which have a maximum of mechanical 
strength and water stability. 

The important phenomenon of base exchange has been mostly 
studied in coimection with the mineral colloids, but it has been quite 
wall known for some time now that the organic colloids weight for 
weight have even greater base exchange capacity than the clay. 
There has also accumulated some evidence that the organic and 
mineral colloids of the soil are probably chemically combined. 
I*urther understanding of this subject comes with a paper by Tyulin 
{SoUScieme,^, 1938). Tyulin separates from the soil by peptisa- 
tion in the form of the sodium complex one group of the soil colloids. 
After this there still remained in the soil, colloids which can be 
examined by optical and other colloidal methods but which can only 
be separated by alkali or acid treatment. The first group of colloids 
are designate ^‘ electronegative gels,” and their sodium complex 
has an electroMnetie potential of 40-50 millivolts.. The second 
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group is designated ^'isoelectric gels/" and theelectrokinetic potential 
of their sodium complex is only of the order of 4 millivolts. Ex¬ 
amination of the two groups of colloids from three different soils 
suggests that the absorption capacity of a soil is largely dependent 
upon the preponderance of the first group rather than upon the total 
colloids, thus a red soil had a low absorption capacity in spite of a 
content of about 80 per cent, colloidal matter : the colloidal matter 
in the first group, however, was only about one-third of the whole. 
A Tschernozem with a much higher absorption capacity had a 
slightly less total colloid content, but a great preponderance of the 
colloidal matter belonged to the electronegative group. The extrac¬ 
tion of easily removable humic colloid from these two groups goes 
to show that organic colloids make up the outer layer of particles in 
the first or electronegative group, while another part of the organic 
mat^r in this group is more firmly held in association with the 
mineral colloid. In the second group of gels organic matter does 
not seem to occur on the surface. 

The organic constituents of certain Scottish soils have been 
examined by Shewan {Journal of Agricultural Science, April 1938). 
The proximate analysis of the organic matter in the various horizons 
of a number of proffles confirms the recently developed views on the 
lignin-protein constitution of humus. The organic matter in the 
profiles examined fell into two groups: the raw humus type in 
which the amount of hemicellulose becomes rapidly less below the 
surface layer and a mull type in which the hemicellulose persists 
throughout the whole profile, Shewan also draws attention to the 
fact that his data consistently with that of other recent workers 

0 

invalidates the still persistent statement that the ratio in soils does 

not vary much from ten. In one of the author’s tables the ratio 
varies from 8 to 40. 

The possible excretion of nitrogen into soils by leguminous plants 
has been investigated from time to time with rather inconsistent 
results. A paper on the subject by P. W. Wilson and J. 0. Burton 
{Journal of Agricultural Science, April 1938) gives a r4sum6 of pre¬ 
vious work on the subject and adds to the experimental enquiry 
on the matter. There seems little doubt that both positive and 
negative resulfes have been correctly obtained. The writera make 
an interesting suggestion in explanation of the discrepancies although 
it is not claimed to be necessarily a complete explanation. Wh^ 
wea.ther conditions are not propitious or any circumstance makes idSie 


air will be small and mo excretion will take places At the 
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extreme, if conditions are highly conducive to an abundant growth 
of a legume, that abundant growth may need aU the nitrogen that 
the plant fixes and again none wiE be excreted. It is thought that 
in some intermediate set of conditions excretion of nitrogen, that is 
expressed in the greater growth of crops alongside the legumes, may 
liake place, 

BOTANY. By Professob E. J. Sausbuby, C.B.E., D.So., F.R.S., Uni¬ 
versity College, London. 

In 1937 A. D. Shamel (Jour. Hered,, 28, 350) recorded the produc¬ 
tion of a tetraploid type of pear with larger fruits derived as a 
sport from Williams’ Bon Chretien (Bartlett). This tetraploid had 
a haploid chromosome number of 34 instead of 17. Crane and 
Thomas now record {Jour, Genetics^ XXXVII, 287, 1939) a parallel 
large-fruited type derived from the pear Fertility,” This is also 
a tetraploid with 2n = 68. The mean weight of the fruit of the tetra¬ 
ploid was 197 grams as compared with 125 grams for the fruit of 
the diploid. Whereas the diploid Fertility ” is almost self-incom¬ 
patible, yielding when self-pollinated an average of 0*8 per cent, 
fruits with two good seeds per fruit, the tetraploid, which the 
authors term “ Improved Fertility,” yielded when self-pollinated 
an average of 37*5 per cent, of fruits with a mean number of 5*7 
seeds per fruit. This tetraploid which arose as a bud mutation 
from “ Fertility ” is thus self-fertEe in an appreciable degree, A 
further point of interest is the frequent development in the tetraploid 
of branched poUen tubes. 

A study of the cytology of the Liliaceous genus Calochortus, 
native to Western North America, has been carried out by J. M. 
Beal {Bot, Qaz,, 100, 528, 1939), who has investigated twenty- 
eight of the known species, which number about fifty. The basic 
chromosome number, it is suggested, is probably seven for the 
Section Mariposa and perhaps for the genus as a whole. The 
somatic numbers observed were 12, 14, 16, 18, 20, 21, 28, 32, and 
40. On the basis of the form of the chromosomes it is not unlik ely 
that 0. sup&rlma with 2n = \% may have been derived from G, luUeus 
by the fusion of two chromosomes. 

A wide range of chromosome numbers in the Leguminosm is 
recorded by H. A. Senn (Bibliog. Oenetica, p, 175, 1938). The 
haploid numbers range from 5 to 16, 18 to 26, 30, 32, 40, 48 and 65. 
The basic number in the PapiKonatse is held to be 8, giving rise to 
the Viciese with 7 and the Phaseolese with 11 chromosomes. Some 
of the woody types are held to be derived. 

D. Cairns {N.Z, Journal of Science, XX, 173a, 1938) records the 
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jfrequent regeneration of Senecio Jacobcea from rootstocks. The 
vegetative shoots arise endogenously in the pericyclic phellogen of 
the roots. The root of the Ragwort is peculiar in that there is no 
definite endodermis except during a brief period in the early develop¬ 
ment of the root in the region of the root-hairs ; subsequently it 
becomes broken by the growth and division of the pericyclic cells. 
The adventitious shoots arise on injured roots and this presents an 
obstacle to eradication if roots or portions thereof are left in the 
soil. These shoots may also develop on plants whose main stem 
has died down normally. 

When the foliage of trees is destroyed the leaves which subse¬ 
quently develop are often different in form from the normal leaves. 
Such atypical leaves have been studied by E. S. Oliver {Bot. Oaz,, 
100, 563, 1939) in the following species : Populus tremuloides, 
Oorylus americana, Tilia americana^ Ulmus americana, and Platamcs 
occidentalia. It is claimed that the atypical foliage corresponds in 
form to that of fossil types and is thus to be regarded as atavistic. 

Amongst the known British representatives of the Chrysophycese 
the genus Uroglena has so far only been represented by U. volvox. 
Miss E. M. Lind now records {Jour, Bot., LXXVII, 106, 1939) the 
occurrence of Uroglena soniaca from a pond near SheflSeld, a species 
recently described by Dr. Conrad from the forest of Soignes. In 
the same journal (p. 116) an interesting new genus of Cruciferse 
from Arabia is recorded by Dr. Turrill, under the Name Horwoodia. 
The fruits are one-seeded, by abortion of the ovule in the second 
loculus which is well-nigh occluded, and bear two wings. It appears 
to be most nearly related to the genus Isatis, but presents an inter¬ 
esting combination of characters that have been regarded as of 
taxonomic importance in the family. 

The Phytoplankton of the River Shannon and Lough Derg is 
the su])jeot of a paper by the late R. Southern and A. 0. Gardiner 
in which quantitative data are furnished for a period of 59 con¬ 
secutive weeks. The authors list fourteen species which appear to 
be perennial. Eight of these are diatoms of which Mdosira italica 
f. crenulata, Fragilaria crotonensis and TabeUaria flocculosa exhibited 
a pronounced maximum in March, Gyrosigrm attenuata a maximum 
in April, Aateriondla gracilUma and Synedra acm a maximum in 
May and Tabellaria fenestraia a maximum in June. The perennial 
Cyanophycese are Qomphosphceria lacustris (autumn), ApJmdzommon 
Phs-aqucB (Nov.) and Godosphcerium Ncegelianum (Oct.). The 
perennial CMorophycese were SceTiedesmus qttadricauda (May), Anii^ 
trodeamus faikatus (June-July) a,nd Pediastrum Boryamm 
{Proo. Boy. Irish Acad., XLV, B, 89, 1938). te-^j 
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From experiments carried out by H. Jenny and R. Overstreet 
{Soil Science, 257, 47, 1939) these authors conclude that there is 
evidence for the existence of contact exchange by which cations 
may transfer from root to clay or vice versa. They fotmd that, 
whilst barley roots wdth a low salt content retain their potassium 
against distilled water and against salt solutions of moderate con¬ 
centrations, yet dilute clay suspensions carrying adsorbed sodium, 
ammonia or hydrogen ions remove potassium from the barley roots. 
They compare their results with those of Albrecht, who found that 
clay systems of varying degrees of saturation could remove cations 
from soybean plants grown in them (Amer. Jour. £ot., 403, 1938). 
If this conception be valid, the intimate contact between root hairs 
and soil, as well as the large surface involved, may have a significance 
hitherto unrecognised. 

In the same journal F. Heyward reports data respecting the 
moisture relations of burnt and xmbumed areas in Longleaf Pine 
Forests. In general, as might be expected, the unbumt areas 
showed a higher moisture content, but little difference with respect 
to the wilting coefficients. The differences are attributed to des¬ 
truction of organic mulch. 

Some interesting data concerning the effects of the sea floods in 
Ncafolk in 1938 are furnished in the Trans. Norfolk and Norwich 
Nat. Soc., XIV, Pt. 4, 334r-90, 1939). The meres which before the 
flooding had a salinity of between 1-5 per cent, and 2 per cent, were 
flooded in February and even by the following November the salinity 
was still between 6 per cent, and 12 per cent. Amongst the plante 
which survived may be mentioned Sonchvs pcdustria, Ccdystegia 
septum, Ly(Jtma fios-cnmili, PotentiUa anserina, CeratophyUum 
demersum, GaMut palustris, Eupatorium cannabinum, Ol^iwm 
mdriscus suoA variotis sedges. Amongst those which succumbed 
were Manuneulm acris, B. bvXbosus, Cardamine pratensis. Trifolium 
r&pe/ns, Ulmmid palustris, Epilobium hirsvium, Sambucus nigra, 
Fnmdla vulgaris. Iris psevdaeorus and several grasses. Many 
aquatics perished but both Lemna trisulca astd Lemna minor sur¬ 
vived 16'2 p.p. thousand of chloride and Banunculus heterophyUus 
survived 14 p.p. thousand. 

In the same journal (pp. 398-438) F. W. Oliver describes the 
seasonal aspects of the vegetation at Mareotis in Egypt, and not 
j^y famish^ a useful list of the characteristic species but also a 
strikmg illustration of the importance of the seasonal distribution 
of rainfell as weU as its amount. In 1939, owing to the fact that 
the total rainfall was nearly double that which normally falla and 
distributed throughout the period from October to March, with 
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furthermore contmuously cool weather rendering the precipitation 
more effective, the vegetation was estimated by the author as about 
ten times the amount that is normally developed at this period. 

The lAmosella plants of Glamorgan are the subject of a paper 
by Miss E. Vachell and Dr. K. Blackburn {Jour, Bot,, LXXVII, 65~ 
71, 1939) from which it appears that there are two species and the 
hybrid between them. The North American Limosella subulata 
occurs at Kenfig Pool, the Glaslyn River, Crumlin Bog and Morfa 
Swamp. It is distinguished by its subulate leaves, which are light 
green, its larger (4 mm.) and strongly scented flowers, with a long 
style and a somatic chromosome number of 20. In L. aquatica 
the leaves are elliptical at maturity, of a dark green colour; the 
flowers are smaller (2-5 mm.) and not scented, whilst the style is 
short. The somatic number of chromosomes is 40. The hybrid 
is a larger, more vigorous plant, with flowers similar to those of 
L, subulata and scented. The style is of intermediate length with 
a large stigma. The hybrid, which has a somatic chromosome 
complement of 30, is sterile. 

ENTOMOLOGY. By H. F. BAJStNSS, M.A., Ph.D., Rothamsted Experi¬ 
mental Station, Harpenden. 

General Entomology, — Jn 1934 about 2000 fossil insects were 
collected in the Creede formation, Colorado, in the Rocky Mountain 
region {Psyche, 45, 1938, 105-20). E. M. Carpenter has given an 
introductory accoimt of the environment, while the Neuroptera, 
Isoptera and Diptera (Tipulidse, BibionidsB and Syrphidse) have been 
dealt with respectively by E. M. Carpenter, T. E. Snyder, C. P. 
Alexander, M. T. James and E. M. HuU. The great duplication of 
a few species suggests that the fauna is an exceedingly small one. 
This is typical of present-day faimas at high altitudes. 

^ The interrelationships and lines of descent of living insects have 
been discussed by G. C. Crampton {Psyche, 45, 1938, 165-81), who 
gives a phylogenetic tree which it is desired should be interpreted 
as a three dimensional one. This investigator’s views differ radically 
from those commonly accepted, and one object of the present 
contribution is to indicate that the latter are not the only possible 
or necessarily the correct ones. 

Two important papers on musculature in insects have appeared 
recently. One by G. S. Graham-Smith {Parasitology, 30, 19^, 
441-76) deals with the generative organs of both sexfes of the blow-i|^ 
Cattiphora erythroceph^, the other by A. D. Imms {QJM.B,), 

1939, 273-320) is on antennal musculature in insects and arthr^^pq^^ | 
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There are apparently two types of first antennsB in arthropods, viz* 
the segmented and the annulated. The former consists of a variable 
number of segments each with intrinsic musculature. This type 
obtains in the Chilopoda, Diplopoda, Pauropoda, Symphyla, Col- 
lembola and Thysanma Entognatha, as well as in many Copepoda 
and Ostracoda. The annulated type consists of a peduncle or proto- 
podite of one or more segments, each with intrinsic musculature, and 
an annulated fl.agellum devoid of intrinsic muscles. The movements 
of this fl.agellum are effected by muscles originating in the peduncle. 
This second type of antenna is found in the Crustacea Malacostraca, 
the Thysanura Ectognatha and all the Insecta Pterygota. The fact 
that the Thysanura Entognatha have segmented antennae is addi¬ 
tional evidence in support of the Symphylan theory of the ancestry 
of insects (see Science Pbogeess, No. 125, 1937, 120-1). 

A biometrical analysis of growth in locusts of different phases 
bred under experimental conditions has been made by A. J. Duarte 
{Bull, Ent, Res,, 29, 1938, 425-56). Among the conclusions are the 
following : Dyar’s rule holds good for growth in the length of the 
middle femur and the width of the head. Secondly, Przibram’s 
principle as modified by Bodenheimer is true for growth in length 
of the different parts and latent cell-divisions occur, one in the width 
of the head and pronotum and four in the length of the pronotum. 
[Przibram and Megusar (1912) found that at each moult in Sphodro- 
mardis the exuvise and the bodies doubled their weight at the 
previous moult and that the increase in length of the pronotum was 
constant and equal to the cube root of 2. This connection between 
increase in weight and in length was considered to be due to the 
doubling in mass through the division of aU the cells. Counts made 
by Sztem (1914) of the number of cells in the hypodermis between 
two successive moxdts in Sphodomantis supported this hypothesis. 
Erequently, however, a great range of variation for the gro’wth- 
eoefficiente is found. Bodenheimer suggested that, where the rate 
erf increase exceeds the standard coefl&cient, cell divisions latent 
divisions ”) may have occurred more than once in the same stadium.] 
Another important paper on growth progression factors for succes¬ 
sive growth stages is by P. H, Harries and C. E. Henderson {Ann* 
Eni. Soo* Amer,, 31, 1938, 557-72). These authors, after a short 
historical account of Dyar^s law and Przibram’s principle, give the 
r^ult of analysing c^ain measurements of several species of 
Cioadellid^ together with related data from other sources. Their 
finding supportDyar^s law in general, but exceptions to the rule are 
f^ly commom However, they cMm that, as data for linear growth 
do not ^pport the theory that growth in insects proceeds^by 
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simultaneous cell divisions, the significance of Przibram’s progression 
pru^ciple is doubtful. 

The distribution of insects by aerial currents has been studied by 
A. C. Hardy and P. S. Milne by means of sending up kites supporting 
nets which were opened at the desired height (150-2000 feet) and 
then closed again before being hauled down \J. Anim. Ecol., 7, 1938, 
199-229). In this paper the equipment and methods of working 
are fuUy described. Eighty-two samples taken during a total fiying 
time of 124^ hours yielded a total of 839 insects, including certain 
aphids, thrips and flies of economic importance. Most of the insects 
in this aerial plankton are small or light bodied with weak powers of 
flight but with relatively large wing surface. High temperature and 
low humidity were found to be the most favourable conditions for 
this aerial in sects’ drift. Another stratum of aerial insect popula¬ 
tions has been investigated by H. E. McClure {Ann. Eni. Soc. Amer., 
31, 1938, 604^13). Plying insects were collected in Illinois and 
Kentucky daily over a known distance by means of a net attached 
to the front fender (about 3 feet above ground level) of a motor-car. 
An aggregate of 2100 nules was covered and over 74,000 insects were 
captured ; of these 78 per cent, were Diptera, 11 per cent. Coleoptera, 
2'4 per cent. Hymenoptera and 2-7 per cent. Aphididae. The 
Diptera comprised Cecidomyids, Chironomids, MycetophOids and 
miscellaneous Muscoidse, while the majority of the beetles were 
Staphylinids. Insects were caught each month except January, and 
partly cloudy weather seemed most favourable for insect flight. 

Ike insect enemies of chermes with particular reference to Pineus 
pini and P. strobi have been studied in England by P. Wilson {Bull. 
Ent. Ees., 29, 1938, 373-89). No parasites were found. The 
predators fell into three groups, those removing the wool from the 
chermes before feeding, those which enter the wool mass and attack 
the chermes from within and those predators which do not enter the 
wool mass but attack the chermes from the outside. The five major 
predators are a Leucopis and a Lestodiplosis among the Diptera, a 
Hemerobius and a Wesmadius among the Hemerobiidse and a 
Exochomus among the CoccineUidse. 

J. T. Creighton {J. Eeon. Ent., 31, 1938, 736-9) has described 
some experiments which showed that foliage deficient in such 
elements as 2 iinc and copper affects the rate of caterpillar develop¬ 
ment. Thus there would be fewer generations during the year and 
this would ultimately affect the insect population. He su^^ts that 
increase in insect populations following fungicidal applications i^y 
be due more to a physiological change in the cell sap than to destrae- 
ridn of benefimal fongi, . ; ; s 
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Soil conservatioii versus insect control is the subject of an 
interesting paper by K. L. Harris {Proc, Ent. Soc, Washington, 41, 
1939, 20-6). It is pointed out that many of the entomologists’ 
recommendations for the cultural control of pests are diametrically 
opposed to well-established principles of soil conservation. One 
example will suffice here; whereas in pest control, ploughing and 
leaving the ground bare and exposed, using quick-growing clean 
harvest crops is recommended, the soil conservationist demands a 
soil covered by a growing crop or residue from a crop. 

J. A. Hyslop (J. Econ. Ent, 31, 1938, 557-9) makes a plea for the 
uniform and dfetinct use of the terms ‘‘ brood ” and generation ” 
commonly employed quite indiscriminately. 

A hygrometer and an evaporimeter capable of investigating 
atmospheric conditions over small areas close to the surface of a 
leaf have been described by J. A. Ramsay, C. G. Butler and J. H.Sang 
{J. Exp. Biot, 15, 1938, 255-65). From rapidly transpiring leaves 
in a slow air stream a humidity gradient has been detected up to a 
height of 1-2 cm. 

Oethoptera. —Some interesting facts have been brought to light 
by G. E. Gould and H. 0. Deay {Ann. Ent. Soc. Amer., 31, 1938, 
489-98) in a detailed study of the biology of Periplaneta americana. 
The length of life of adult females varied from 102 to 588 days with 
ah av^age of 450. There is a pre-ovipositional period of 11 or 12 
days and then the female produces an egg capsule at intervals of 
about 3 days in June, July and August and of 12 days in October. 
The maximum number of capsules produced by one female was 90, 
and had all been perfect the offspring would have been 1440 whereas 
actually the records showed 970, The total life span for 3 individual 
females was 783, 793 and 913 days. Tests also indicated that only 
one mating was necessary in order to produce fertile capsules 
throughout the cockroach’s life. 

CoLEOPTBRA.—^In 1937 a new research station for wireworm 
investigations was established at Warburton, Cheshire, with H. W. 
MOes as Director, Its first annual report (31 pp.) for 1937 contains 
various papers on the biology, ecology and control of wireworms. 

The first of a series of studies on the morphology and bionomics 
of immature stages of Japanese chafer beetles by H. Yuasa and 
T» Endo, with an English summary (/. Imp. Agrio. Exp. Sta. Tokyo, 
3, 1938, 151-82) deals with Ammida cuprm. 

LiapiiK)PrEEA,--Among the recent papers on natural and bio¬ 
logical control of insects the following can be mentioned. E. 
Cameron (BvU. Eid. Bes., 29, 1938, 277-313) has studied the pea 
moth Gydia fi^ricana while J. E. Hardy {loc. cit., 343-72) has dealt 
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with the diamond-back moth Plutella maculipennis. Both investiga¬ 
tions were carried out in England. The latter was undertaken 
because this pest, which was introduced into New Zealand fifty to 
sixty years ago, apparently has no parasites present in that country 
and consequently maintains itself at a very high uniform level. In 
other countries this moth is largely destroyed by parasites. 

Hemipteba. —^Recently C. S. Spooner {Univ. Illmois. Bull., 35, 
1938, 102 pp.) and J. W. Evans (1938) (see Science Pbogbess, 
XXXIII, 131, 1939, 553-4), in studies on the head of Hemiptera, 
have independently concluded that the lora are secondarily detached 
parts of the postclypeus. R. E. Snodgras {Proc. Ent. 8oc. Washing¬ 
ton, 40, 1938, 228^-36) comes to the conclusion that the hemipterous 
lora are the expanded lateral parts of the basal region of the hypo- 
pharynx which would be exposed if the mandibles were reduced in 
size or removed. 

J. W. Evans’ most recent contribution to the study of the leaf- 
'^oppers of Australia {Pap. and Proc. Boy. Soc. Tasmania 1938, 1938, 
19-71) is in the nature of a summing up. In it he discusses the 
present systems of classification, the comparative value of different 
morphological characters and proposes a new classification which 
embraces twenty-one families. He also gives a phylogenetic tree 
indicating the possible inter-relationships of the various jassoid 
families. 

The ecology of Aleurodes brassicm has been studied by C. 6. 
Butler {Trans. R. Ent. Soc. Lond., 87, 1938, 291-311). Partheno- 
genetic eggs gave rise to males whereas fertilised eggs produced 
approximately equal numbers of both sexes. Host preference 
experiments indicated that this whitefly is attracted to certain 
varieties of Brassicce oleracea more than to others. A well-marked 
olfactory response to the odour of its host plant was observed. The 
adults tend to move from a region of low relative humidity to one of 
high humidity. The conclusion is reached that the damage caused 
to the plant is by the removal of certain nutritive substances, 
notably starch and sugars, and also by the wax and honey-dew 
hindering assimilation and transpiration. The honey-dew also 
encourages the growth of certain moulds. A later paper by the 
^ same author {Proc. B. Ent. Soc. Bond., 13, 1938, 161-72) deals with 
the relationship of the whitefly and the physical factors of its 
environment. The ooldhardiness of the pupa and adults is largely 
lost in the spring and early summer. Three causes of adult migration 
were found, viz. wilting of the plant, overcrowding of the adults and, 
most important, temperature. The extent to which the biotic and 
physical factors of the environment affect 4 - 
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and it is claimed that a fairly good theoretical estimate of its numbers 
in the field at a given time may be obtained from a previous study of 
the biotic and physical factors of the environment. This paper also 
deals with two Chalcid parasites, probably of Italian origin, which 
unfortunately cannot withstand the winter in England. 

Hymenopteba. —^An interesting set of olfactometer experiments 
has been made by W. H. Thorpe and H. B. Caudle {Parasitology, 30, 

1938, 623-8) on the olfactory responses of Pimpla ruficoUis, a parasite 
of the pine shoot moth, to the food plant of its host. It was found 
that the adult females are not attracted by the oil of Pinus sylvestris 
until the third or fourth week of adult life and by this time their 
ovaries are relatively large. Previous to this period the oil is 
repeUant and the ovaries are very small. From biological studies it 
would appear that the parasites emerge some time before the next 
generation of moth larvae are ready for oviposition by the parasites 
and in this period the latter forsake the pines and visit Umbelliferous 
flowers. 

D. C. Lloyd {Phil. Trans. R. Soc. Land., B, 229, 1938, 276-322) 
has investigated in the laboratory some of the factors governing the 
choice of hosts atnd the distribution of progeny by the Chalcid 
Oomcyrbns huvancs. The distribution of the eggs by the parasite is 
not at random but has reference to the nature of the hosts available. 
Usually unpaxasitised hosts are selected, but if superparasitisation 
is forced those hosts containing the youngest parasite stage are 
chosen. If only parasitised hosts are accessible the female tends to 
retain her eg^. It is concluded that the ovipositional response is to 
a perceptual complex of stimuli which is such that the fenoale tends 
to choose the hosts in which its progeny are able to develop. 

Ecological notes on the Sirex wood wasps and their parasites in 
England have been written up by H. S. Hanson {Btdl. Ent. Res., 30, 

1939, 27-76). 

Diptbba. —^L. D. deare {Bull Erd. Res., 30, 1939, 86-102) has 
^ given an account of the introduction and establishment of the 
' TacMnid fly Metagonistylum minense into British Guiana. This fly, 
generally known as the Amazon fly, is an important parasite of 
Dicdrasa saadtaralis. 

A full report on work carried out in Denmark on the housefly 
and the stable fly has been supplied by M. Thomsen {Beretn. Vet.-og. 
Landbohogsh. Eorsogslab., No. 176, 1938, 362 pp.). This includes 
accounts of their biology, ecology and control. Besides dealing with 
these two flies, groups of flies associated with cattle or with cow-dung 
in fields, with dwellings, stables and manure also receive attention. 
Oa'JKusK Obbebs. —The Thysanoptera of Finland are being studied 
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by Y. Htitkinen and V. Syrjanen. Akeady five papers have 
appeared in the Ann. Ent. Fenn., 3-4, 1937-8. 

ARCHiEOLOGY. By E. N. Faixaizb, B.A. 

Early Man. —^In the recent trend of archaeological thought to 
re-examine fundamentals Mr. J. Reid Moir’s Huxley Memorial 
Lecture for 1939, delivered on May 4 before the Imperial College of 
Science and Technology (Macmillan, Is.), will rank high as a docu¬ 
ment of no little importance. It is a lucid and comprehensive 
exposition of the evidence now available bearing on the antiquity 
of man, according to the interpretation of one who, consistently 
throughout his career as an archaeologist, has led the van in the more 
advanced school of thought. 

Mr. Reid Moir sets out to answer T. H. Huxley’s question, 
posed in his book Man’s Place in Nature, “ Where, then, must we 
look for primaeval man ? Was the oldest Homo mpiem Pliocene 
or Miocene, or yet more ancient ? ” Pointing out that the human 
origin of palaeolithic axes had once been denied, the lecturer referred 
to the strenuous opposition with which had been met the claim for 
the human origin of the flaked flints found beneath the Pliocene Red 
Crag of East Anglia. The arguments for and against the artificial 
flaking of these flints were then reviewed in detail, and summed 
up in Mr. Reid Moir’s view as in favour of the conclusion that 
the pre-Crag specimens were made by man in the Pliocene epoch. 
It was argued further that the Bone Bed, in which these flints 
were found, being of detrital origin, it was not an anomalous con¬ 
clusion which saw in them, and the rare bone and other artefacts 
associated with them, evidence of no less than five distinct periods, 
of which the earliest must, in all probability, be relegated to Lower 
Pliocene times. The discovery of these pre-Crag artefacts, there¬ 
fore, permitted the first part of Huxley’s question, whether man was 
living in the Pliocene, to be answered in the afGtrmative. 

When Mr. Reid Moir went on to examine the evidence for the 
existence of man in the Miocene, he entered upon a question upon 
which his opinion is awaited with no little interest by archaeologists. 
For, as is well known, he has recently been engag^ in a detailed 
examination of the evidence from AuriUac in the Cantal, France, 
where flaked pieces of flint of implemental forms occur in the gravel 
of the Upper Miocene. Specimens of these were brought to England 
by the late Mr. Ernest Westlake, and were examined by the date 
Ikof. Sollas, who with some apparent hesitation was inehiMd to 
regaod some of them, on the balance of probability, as the wc^ 
intelligent being. Though precluded fisom dealing wife tjhas 
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in detail, pending publication, Mr. Beid Moir regards certain of the 
specimens as comparable "with the Harrisonian eoliths. With these 
are other forms, such as points, scrapers, push planes, etc., together 
with rare examples of the rostro-carinates. It is evident, he con¬ 
cludes, that the Aurillae specimens are very simple types, and may 
possibly represent the earliest examples of intentionally flaked stone 
implements. If this should be established, he goes on to say, it will 
be possible to give an affirmative answer to Huxley’s question as to 
whether man was living in the Miocene period. 

In support of this conclusion, which goes far beyond what 
archaeologists have hitherto been prepared to consider, Mr. Beid 
Moir points to the present trend of discovery in palaeoHthic deposits, 
which is in the direction of recognition that man was considerably 
more advanced in palaeolithic times than has hitherto been sup¬ 
posed. In support he refers to the remarkable discoveries, pointing 
to a high level of culture, in Czecho-Slovakia at Predmost, and in 
European Russia, which, he says, constitute an archaeological 
revolution. 

The question was also discussed as to how far back it was pos¬ 
sible to trace Homo sapiens, which was properly the subject of 
Huxley’s enquiry. In this relation the importance of the recently 
discovered Swanscombe skull in the 100-fb. terrace of the Thames 
was adequately stressed, together with the evidence that at the 
beginning of the Pleistocene early man in the form of the Piltdown 
race, the Heidelberg men and Peking Man, showed very considerable 
variability. So that in very early times, at the beginning of the 
Pleistocene period, not only had man of the modem type come into 
existence, but also human beings were even more diversified than 
they are now. In view of this evidence it would seem impossible 
that man originated in the Pleistocene and “ improbable that this 
momentous event took place even in the Phocene epoch.” On 
geological and other evidence, notwithstanding difficulties of com¬ 
putation, it must have been somewhere in the neighbourhood of two 
million years since the first flint implements were made. 

The Pebhistorio Sooibtt and ABOBLasoLoaiOAi, Studies.— 
Since the reorganisation of the work of the Prehistoric Society, 
which has enlarged its status from that of a regional to that of a 
national asociation, its publications, always of considerable interest 
and importance for the archaeological student, have rapidly become 
of enhanced value. The Proceedings have now assumed a position 
in the foremost rank of archaeological publications for their strictly 
sdenUfic analysis of evidence bearing on some of the more obsoiue 
problems of British prehistory. It is, however, permissible to 
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express a hope that the members of the Society will give serious 
consideration to the suggestion thrown out by Mr. 0. G, S. Crawford 
in the course of his Presidential address for 1938, that the scope of 
the work of the Society might be so far extended as to include up to 
the Norman Conquest, instead of stopping, as it now does, at the 
Roman invasion. Recent advances in prehistoric studies have been 
of such a character as to suggest that if a like systematic attack 
were directed to the more obscure periods of the later history of 
Britain, in which at present little provision is made for the examina¬ 
tion of strictly archseological evidence, progress in knowledge of 
cultural development in the Dark Ages, at present sadly to seek, 
would be no less marked than it has been in certain departments of 
prehistoric culture. 

As an example of an advance in one direction in the prehistoric 
field, which is directly due to an organised attack made possible by 
the initiative of the Prehistoric Society, reference may be made to 
the excavations at Woodbury, Wiltshire, in 1938, through which a 
revealing hght has been thrown on the social life and organisation 
of an Iron Age community in Britain of a type already known from 
partial excavation on other sites. This investigation was the first 
of what it may be hoped is a series of field investigations to be 
undertaken by the Prehistoric Society with a variety of aims, of 
which not the least important perhaps is to secure a greater degree 
of active co-operation among members of the society, and also at 
the same time to afford an opportunity for training in excavation of 
the younger archseologists. 

, The existence of the site, or rather of two sites on the south-west 
side of Salisbury was first demonstrated from an air photograph by 
Mr. O. G. S. Crawford. The smaller was selected for examination 
by the Society. Its size made the work financially feasible, and 
good results were promised by its clear markings on the photo¬ 
graphs. A test excavation in March 1938 revealed evidence of a 
ditch of V-shaped section, and Iron Age A pottery. The excavations 
were under the direction of Mr. Gerhard Bersu, and lasted from 
June 12 to September 18, when part of the site had been cleared down 
to solid chalk. About one-fifth of the total area of 15,000 sq. yd. 
was examined. It can now be stated with certainty that the settle¬ 
ment belonged to Early Iron Age A, and probably to a late stage. 
The occupation was evidently of long duration; but the settlement 
seems throughout its career to have been immune from catastrophe 
by fire, and does not seem to have come to an end by violence^ 
Except in a few places, the ditch apparently was never complM^ 
Evidently it had been planned at some time dining the 
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of the settlement; and from the fact that analogous sites near 
Salisbury show ditches with similar features, it would appear that 
during Iron Ag e A times the people of the district were threatened, 
though by what is unknown, and thereupon took to defending their 
open settlements by banks and ditches, while at about the same time 
hi gh places began to be protected by strongly planned defences. 
Hence it seems that we are dealing with an event of far-reaching 
effect. Smaller ditches parallel with the main ditch are further 
evidence of long occupation. 

One of the most interesting features of the settlement is the large 
number of pits within the enclosure. They originate from different 
phases of the settlement and certainly are not contemporaneous. 
Of these more than ninety were examined. All had been artificially 
filled in, the filling varying greatly. Besides chalk, many contained 
ashes mixed with hundreds of burnt flints. In many pits there was 
more or less burnt “ cob ” in moderate amounts, in others fragments 
of burnt clay in forms with wide openings at the top and small fire 
holes in the sides. There was also much refuse consisting of animal 
bones, food refuse, potsherds, etc. The pits were evidently neither 
cooMng-places, nor used for habitation. It is most probable 
that they were storage places for grain. Wheat could hardly be 
preserved in such pits without special preparation. This must have 
entaii^ roasting, or partial roasting. This would explain the quanti- 
of ash, while the burnt fragments of clay and cob represent the 
ovaos, in which the wheat was roasted. The fact that each of such 
pits could be tised for a limited time only accounts for their number. 

The fact that there cannot have been many dwellings on the site 
throws some light on the social structure of the settlement. Two 
large houses have been identified. One, or both, must have been 
inhabited by the proprietor of what was not a village, but rather a 
farm, a foreruimer of the later Roman vxUa. Near the farmhouse, 
and protected in common with it, were the stock and products of 
agriculture. Hollows in the surface appear to have served as work¬ 
places, at which the people of the district must have assembled, as 
at a. manor house, for the extra work following on the harvest. 
Thane is no space for cattle, and if, as is probable, cattle formed part 
of the econmny of the settlement, they must have been housed else¬ 
where. Indications of such arrangements close to the main enclosure 
have been noted. This conclusion is supported by the fact that no 
water-supply, indispensable for the cattle, is near. Evidence of in¬ 
dustrial activity is still lacking, nor does the relatively small number 
of spindle whorls point to any great production of textiles. When 
excavation of the mte is complete, it is possible that light will be 
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thrown upon this, with a number of other interesting problems 
which have emerged. These, as is pointed out by the excavators, 
affect not only Woodbury, but also conditions over a wide area in 
the early Iron Age of Britain. 

South-Western Britain and the Continent in the Later 
Iron Age. —^It is one of the fascinations of archaeological investiga¬ 
tion that the solution of one problem invariably brings in its train 
a number of other problems, which beckon the investigator along 
further tracks of which the end ever recedes. It may be remembered 
that in the excavations carried out by Dr. R. E. Mortimer Wheeler 
at Maiden Castle, near Dorchester, a civilization makes its appear¬ 
ance with some abruptness in the century immediately preceding 
our era, which is evidently of foreign origin, and is characterised by 
a new method of defence on a fortified site—^multiple lines of out¬ 
works, instead of the single line of ditch and rampart hitherto found 
on the Wessex Downs, and manifestly designed to meet a new weapon 
of attack, the sling, for the use of which a multitude of sling stones 
now bears witness. Similar evidence has recently come to light on 
other sites in the south-west. 

In seeking a source for the origin of this new culture, it was 
natural to look to Northern Erance, more especially to Normandy 
and Brittany, and in 1938 a series of exploratory investigations was 
undertaken by Dr. Wheeler, with the co-operation of the French 
authorities, on behalf of the Society of Antiquaries, and with the 
assistance of the Leverhulme Trust and the University of LondoUi 

In Northern Brittany and North-West Normandy Dr. Wheeler 
found two camps only which were at all comparable with Maiden 
Castle. Of these one was at Huelgoat, near Morlaix, and the other 
was situated near Avranches on the Bay of Mont St. Michel. These 
dated approximately from the middle of the first century b.c. The 
method of construction and the character of the surrounding coim- 
try, which is infertile, were however such as to lead Dr. Wheeler to 
the conclusion that the settlements were of a military, rather than 
an economic significance. They were, in his view, rallying posts for 
the tribesmen jfrom the surrounding country at the time of the 


Roman conquest. This view found support in the fact that the 
fortifications of one of the camps, that on the Bay of Mont St. 
Michel, had never been completed, but had been destroyed by 
military action at a date indicated by coins of local type to coincide 


^Mth Os^ax^s conquest. These offered no analogy to the Maiden 
myilization of which he was in search, 
attention of Dr^ tten direeti^^^ 
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trae analogy of the civilisation he had discovered at Maiden Castle. 
Here along the coast on the jagged cliffs, the bays and wooded 
estuaries, extending from Douarnenez to the mouth of the Loire, 
was the home of the Veneti, the tribes in whom Caesar foimd his 
most strenuous opponents, both by land and by sea. Here Dr. 
Wheeler found, wherever digging has taken place, multiple ditches 
and quantities of shng stones—^the “ true forerunners of those tumul¬ 
tuous defences of South-Western Britain.” A trial excavation was 
made on a commanding hill-top to the west of Quimper. The triple 
ramparts to-day, says Dr. Wheeler, are mere grass-grown mounds, 
but beneath the turf the innermost rampart was foimd to have been 
provided with a continuous range of stone steps, whereby it could 
be readily manned by the slingers, whose pebble ammunition lay 
thickly scattered in the vicinity. Pottery provided further links 
with certain sites on or near the southern coast of Britain. 

In seeking an explanation of the relations between Southern 
Brittany and the Wessex Downs, Dr. Wheeler points out that the 
Veneti as traders were already familiar with the coasts of Cornwall. 
It may be that when Caesar in 56 B.c. set out to crush the Veneti, 
some of the vanquished chieft ains may have collected their scattered 
tribesmen and, foUo-wing in the tracks of the Venetic traders, crossed 
the channel to introduce a new civilisation to dominate Wessex 
from Maiden Castle. 

An interesting sequel to this expedition to Brittany, which wiU 
be resumed in the coming summer, is afforded by a small archseo- 
logical excavation of a headland fortified post on Gurnard’s Head 
near St. Ives, which was carried out under the direction of Dr. 
Wheeler in April of this year. Here a number of hut-circles are 
enclosed within a triple line of ditches running across the peninsula. 
Of these the innermost ditch is faced with stone and is stepped in 
the manner in which the inner rampart of the fort at Quimper was 
found to be stepped, while among a number of sea-rolled pebbles were 
a number of sling stones. The site appears to have been used as a 
place of refuge in times of stress rather than as an occupation site. 
It is interesting to note, further, that among the pottery is a type 
which is similar to pottery found on another site some 4 -milftfa away, 
for which a relation with northern Spain, arising out of the ancient 
industry of metal working, has been suggested. Be this as it may, 
the present investigation clearly demonstrates a relation between 
the Cornish headland forts and those of southern Brittany; while 
in the similarity of the names of Kercaradec of the fort at Quimper 
and Csesr Caiadoc in Britain a further point in support of that relation 
is si^^ted. 
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Molectilar Spectra and Celestial Objects (A. Harvey) 

At a symposium held at the Yerkes Observatory in June 1938,^ 
some eleven papers were read dealing with recent progress in the 
interpretation of molecular spectra and with the study of molecular 
spectra in celestial spectra. Some of the papers presented were of 
interest only to the spectroscopist, but others dealt with topics 
familiar to the spectroscopist and then applied these considerations 
to problems of interest to the astronomer and astrophysicist. 

As illustrating this may be taken the article by Herzberg on 
Forbidden Transitions in Diatomic Molecules.’* In this are dis¬ 
cussed the possible reasons for the appearance of forbidden transi¬ 
tions; (a) selection rule derivation employing an approximation, 
(6) quadrupole or magnetic dipole radiation, (c) presence of electric 
field either applied externally or due to the fields of surrounding 
molecules (enforced dipole radiation). Examples of these classes 
in celestial spectra are quoted, i.e. for class {a) there are singlet- 
triplet transitions illustrated by the Vegard-Kaplan bands of 
found in the aurora and also in the night sky luminescence, whilst 
for class (6) the best examples of magnetic dipole radiation are the 
red atmospheric absorption bands of oxygen. 

Comets come in for a considerable amount of attention. Herz¬ 
berg, in the paper mentioned above, discusses the difference in the 
spectrum of the head and of the tail of a comet, whilst Wurm 
pursues the matter considerably further. Wurm is interested 
primarily in cometary spectra and shapes (the latter being closely 
related to the physical state of the atmospheres). Some of the 
facts known at present are that the head ” of the comet con¬ 
tracts strongly as the sun is approached, and that the atmos¬ 
phere contains the following molecules: GN, C 2 , CH, CO"^ and 
It is taken for granted that the atmosphere is produced 
by heating of the meteorites which give off their occluded 
Since the gravitational effect of the nucleus is negligibly small, the 
shape of the comet should be deducible if the nmnn^ in wh&ii 

^ Aatrophys^ J., 89, 283-319, Marob 1939. 
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the solar radiation acts on the freed gases is known. It would be 
expected, then, that all comets would be made up in similar fashion. 
In spite of the considerable variation in tail structure this is borne 
out by a study of the various emitting molecules over the different 
parts of the comet (see figure), it will be seen that the tail of the 
comet exhibits only the CO+ and N 2 + spectra. There seems no 
doubt that these ions are formed near the nucleus and are then 
driven off by light pressure. The CO"*" system (known as the 
‘‘comet-tail’’ band system) is generally stronger than the Ng'*". 
Whether this is due to greaiter abundance of CO"*" or to a higher 
transition probability is not yet known. 


Comet Nucleus 

.Some emission 
not yet 
{dentified 

Schematic representation of the distribution of the emitting molectiles in 

comets. 

The explanation of the luminosity of comets as a fluorescence 
phenomenon—first suggested by Schwarzschild—^is supported by 
Wurm. Undoubtedly the density of a comet is extremely low 
and collisions can be of no importance. Taking into account the 
direct influence of solar radiation, and ionisation and dissociation 
by light absorption, Wurm accounts for, firstly, the appearance of 
O 2 molecules—^by photo-dissociation of a “ parent-molecule ” which 
might be dicyanogen or acetylene. Secondly, for the different 
extensions of the various molecules—^because of different velocities 
originating in the process of photo-dissociation. Thirdly, for the 
contrition of the head with approach to the sun-r-here it seems 
that the Ca and CN molecules must be either dissociated or ionised 
by absorption of light. Thus the life of these molecules will be 
shortened on approach to the sun (with the accompanying increased 
intensity of mdiation) and with shortening of the life there will 
be a decrease in the distance travelled from the nucleus before 
dissobiatibn occurs. Such an explanation also accounts quite 
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naturally for the non-appearance of CN and Ca molecules in the 
tail. 

It is interesting to note, as pointed out by Bobrovnikoff, that 
so far there is no evidence for the existence of any polyatomic mole¬ 
cules in the stars. As regards diatomic molecules to date, twenty- 
seven of these have been definitely identified in steUar spectra, and 
most of these occur in the spectrum of the sun. It must be remem¬ 
bered, however, that conditions, in general, are not favourable for 
work on molecular spectra in the stars, in most cases the dispersion 
usable being such that only band edges can be dealt with. In 
contrast with cometary spectra ionised molecules are conspicuous 
by their absence^—^the bands observed being resonance bands of 
neutral diatomic molecules, a consequence of the thermal excitation. 
Work of this type leads naturally to the question of why certain 
molecules have strong bands in stellar spectra whilst others have 
faint bands or none at aU. The problem has been tackled by Russell, 
assuming that stars in general are of the same composition as the 
sun, but it is obvious that both laboratory and observational data 
will have to be very greatly improved before much headway is 
possible. 

A iiew scheme for obtaining an indication of steUar temperatures 
is put forward by Morgan. He has found that in the case of the 
brighter K and M dwarfs there is a definite connection between 
the appearance of the various TiO bands and the temperature or 
luminosity. He concludes that from the spectral type alone, deter¬ 
mined from the intensity of the strong TiO bands in the visual 
region, the foUowing data concerning these dwarfs is obtainable 
—absolute magnitude, effective temperature and steUar diameter. 

As with most symposiums for every question that might be 
regarded as settled several new ones were raised, and one of the 
most useful aspects of the work of the Yerkes symposium must be 
the attention which has been drawn to the many problems in 
astrophysics, the solutions of which depend upon an improved 
understanding of the parts played by compounds in stellar 
atmospheres. 

Salmon Fishery Research (W. L. Calderwood) 

The two sea trout papers by Mr. NaU are of interest since the 
one deals with the fish of an east coast river with a long estuary, 
and the other with a typical west coast river. With the presence 
of the estuary, we have the false checks’^ on the scales whiW 
are often so puzzling. In iUustrating the (k>noh scales we 
two figures from the same fish at diffeient stag^ 
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puzzle most scale readers if the marking particulars had not been 
available. In the west coast fish (4), the heavy weights instanced 
are 14 lb. from the Carron, 16^ from the Ailort and from the Ewe 
there is a fish which has survived 19 summers. 

The paper by Mr. Hartley (5) deals with the data collected from 
scales of the 1937 Fishery Board marking at Loch Inchard, 12 miles 
south of Cape Wrath on the west coast. The movements indicated 
by the marking and recapture of the fish is the subject of Mr. Menzies’ 
paper (2), A fair proportion of the fish went to the east coast, but 
in this, as in the other paper by Mr. Menzies (8) the particulars 
of marking and recapture are not given, which we think unfortunate, 
particularly with reference to the results obtained from the Ardna- 
murchan operations, where ready reference to the data respecting 
lines of movement would have been advantageous. Also the, 
otherwise excellent, map in the first paper (2) does not explain 
itself for want of some caption. The more important paper on 
Movements is that respecting the Soay and Ardnamurchan marking. 
These came as a surprise to aU interested in the subject. The 
Soay operations at the south of the Isle of Skye, were confined 
to the months of April and May, a time of year when west coast 
livers are commonly without salmon. The Fascadale or Ardna¬ 
murchan marking was carried on in June and July. It was perhaps 
natural to suppose that, south of Skye, marked fish would have 
been moving south. Instead of this, 18 of the 22 recaptures from 
Soay went away north, the recaptures being made along the north 
coast and in rivers of the north coast, in the Moray Firth, and 
south as far as the North Esk district and the Tay (400 ihiles). 
Of the two fish which remained on the west coast, one was caught 
at Ardnamurchan, only 25 miles away, and the other in Loch Elillis- 
port where no spring fish could be expected, but where it was caught 
in ? September, or four and a half months after marking, the date 
of which is not given. 

The Fascadale marking was very largely of grilse, and the fish 
behaved quite differently from the spring fish at Soay. Five were 
recaptured at the place of marking, and other five at Soay, seven 
were on the shores of the Isle of Mull, and four in the rivers of 
Loch Linnhe. Raasay, Snizort in Skye, and Easdale had each one. 
Three went to the rivers of North Ireland, and one was taken in 
a tributary of the Conway in North Wales. These were all inter¬ 
ring and significant recaptures of a new order. Added to them, 
however, there were recaptures on the east coast, in the Moray 
Firth, and in the Biver Tay* It is noticeable that no indication 
appeared as to fish moving to the Solway. The maps of this paper 
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are clear and instructive, and in that showing the Soay returns, 
the two winters fish are distinguished from the 2 + fish. There is 
also a third map in which the results of the marking at two places 
in the north west coast are compared with the Fascadale or 
Ardnamurchan results. It is to be hoped that further operations 
wiU be possible in order to elucidate lines of movement with greater 
certainty. 

Mr. Macfarlane contributes a paper on scales from fish taken 
in the Upper Solway in 1934 (3). The collection consisted of 1890 
scale samples taken at Newbie from February to September. By 
correlating the data with percentage figures of the total catch, the 
actual representative value of the collection was ascertained. The 
lowest percentage of previously spawned fish was here found, 1*1 per 
cent. A certain comparison with Nith and Dee scales previously 
examined has been possible, and the calculated smolt lengths are 
large as in those rivers. This appears to indicate better early 
feeding than in east coast conditions. 

The combined paper on the Bacteriophage (6) shows extended 
studies of river waters in which the phage has been found, but 
gives a negative result in connecting it with Furunculosis. 

The paper on the absorption of bones in the skull of the salmon 
at or towards breeding time (7) is a short paper with rather incon¬ 
clusive result. There is growth of other skull parts for which 
calcium is required, and there is also growth of ‘‘ breeding teeth.” 
The question of absorption has received a good deal of attention 
but is not yet fully understood. 

1. “ Sea Trout of the River Conon.” By Gr. Herbert Nall. 

2. “ The Movements of Salmon marked in the Sea. II; The West 

Coast of Sutherland in 1937.” By W. J. M. Menzies. 

3. “ Salmon of the Upper Solway District, 1934.” By P. R. C. Mac¬ 

farlane. 

4. “ Sea Trout of the River Carron and Loch Doule, Western Ross-shire. 

By G. Herbert Nall. 

5. “ Salmon Caught in the Sea—^West Sutherland, 1937.” By G. W. 

Hartley. 

6. “ Bacillus salmonicida Bacteriophage : with particular reference to 

its occurrence in water and the question of its application in 

controlling B, salmonicida infection.” By M. H. Christison, 

I, Mackenzie, and T. J. Mackie. 

7. “The Absorption of Bones in the Skull of Salmon during their 

Migration to Rivers,” By Dr. V. Tchemavin, 

8. “ The Movements of Salmon marked in the Sea. Ill: The Island 

of Soay and Ardnamurchan in 1938,” By W. J. M, Menzies. 
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Parama^etic Absorption and Dispersion (L. F. Bates) 

It is well known that when we measure the dielectric constants of 
certain liquids the values obtained are found to depend upon the 
frequency of the applied field, and in recent years Debye has given 
a very satisfactory picture of many aspects of dielectric absorption 
and dispersion on the basis of the dipole theory. On this theory it 
is easy to understand how the dielectric constant of a liquid contain¬ 
ing polar molecules may rise to a sharp maximum as the frequency 
of an applied field is increased from zero, and why a dielectric exposed 
to an alternating field should become heated. 

Now it has recently been found that analogous phenomena of 
absorption and dispersion exist in the case of the magnetic per¬ 
meability of iron ammonium alum, but, whereas electrical dispersion 
may in general be observed at room temperatures, it is necessary to 
cool the paramagnetic substance. Thus, C. J. Gorter {ZeiL fUr tech, 
Pkys,, 19 , 501, 1938) placed the paramagnetic salt within a coil 
which formed part of an oscillatory circuit and observed a frequency 
change, which was measured by the heterodyne heat method, 
corresponding to the increase in the self-inductance of the system. 
Due allowance was, of course, made for capacity changes brought 
about by the introduction of the salt, obtained byreplacing it with 
a diamagnetic of similar chemical composition. Frequencies between 
0*3 and 5 megacycles per sec. were generally used, and the salt was 
maintained at the temperatures of liquid nitrogen and of liquid 
hydrogen. Crorter found that with iron and chrome alums the 
quantity x/Xfi decreased by about 75 per cent, as a steady magnetic 
field, applied parallel to the axis of the coil, was increased up to 
5000 oersteds; % ^ value of the incremental susceptibility 
measured by the high frequency field while Xo is the value in a static 
field. W. J. de Haas and F. K. du Pr6 {Physica, 5, 501, 1938) found 
that similar phenomena occurred with frequencies as low as 15 to 
40 cycles per sec. at liquid helium temperatures. 

existence of the phenomena described above means that 
when an alternating magnetic field is applied to a paramagnetic, 
there must be a component of the induced magnetic moment which 
is W degrees out of phase with the field, and, consequently, heat 
must be generated in the material. F. Brons and 0. J. Gorter 
(Physical 5, 50,1938) measured the heat W generated in a specimen 
by means of a special calorimeter, when a steady field was applied 
to it and the material was simultaneously exposed to a small alter- 
milng field of frequency v. They obtained curves showing the 
rela^ons between W/v and with v constant, and between W/v 
and y with constant, which are briefly discussed below. 
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A very neat theory of the phenomena has been given by P. Debye 
(Phys. Zeit., 39, 616, 1939), based npon the idea, due to H. B. G. 
Casimir and P. K. du Pr6 (Physica, 5, 507, 1938), that if electron 
spins are responsible for the paramagnetism and do not completely 
follow the alternating field, then there must exist at any instant a 
temperature difference Q between the absolute temperature T of the 
crystal lattice and that of the electron spins, so that the heat im¬ 
parted to the lattice in a time dt is given by a . 0 . d<, where a is a 
constant. Debye shows that the ratio x/xo is equal to 

1 +^^ 0 , 

a 

_ > 

* 

where Cg. and 0^ are the specific heats of the material at constant 
magnetisation and at constant field respectively. For the special 
case of a ferromagnetic which obeys Curie’s law rigorously, we have 
X = C/T, so that C, = o, and the real part of x/Xa written 

equal to l/l-t-v*p®, where 



The last expression for x/Xo deduced by Casimir and du Pr6, 
and the quantity p is termed the relaxation constant. However, even 
at very low temperatures, and where the Curie law does not obtain, 
as long as the permeability in a steady field is a positive quantity, Ch 
must be greater than C^, so that the expression for x/Xo does i^ot 
vanish but merely becomes less than unity as v tends towards 
infinity. In general, however, the decrease of x/Xo increase in 
firequency is not as rapid as the expression suggests. Moreover, we 
deduce from the complex expression given above that the value of 
W per gm. in a small alternating field of amplitude A, should be 
equal to 

nh\pv^ /Ch — CA 
1 + v^p\ Ch / 

We may say that the experimental results of Brons and Gorter with, 
iron and chrome alums suggest that the heat generated in the 
paramagnetic is the sum of two terms, one constant and the other 
of the form given above, but it would appear that the last expression 
has not yet been thoroughly tested in the light of existing data, fii^ 
the phenomena are but newly discovered. A priori it would be 
expected that caesium-titanium alum would show the pheiKuna^: 
to a marked extent, vet exneriment shows them to be nracfieallf; 
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non-existent at liquid nitrogen and Kquid hydrogen temperatures. 
R. de L. Kronig {Physica, 6, 33, 1939) has explained this on the basis 
of a spin orbital coupling, but it may be that the explanation is 
equally well provided by Debye’s expression for W. 

International Co-operation in Astronomy (A. Hunter) 

In a recent note to Science (87, 364, 1938), Dr. 0. Struve analyses 
present and former mailing lists of the Astrophysical Journal and 
finds a decline of 25 per cent, in foreign subscriptions during the last 
decade. Arguing that international collaboration in science depends 
largely on the exchange of publications, he deplores this fall as 
evidence of a trend away from co-operation. In support of this view, 
he points out there is a marked correlation with the appearance of 
nationalistic movements, the largest declines having occurred in 
subscriptions from China (80 per cent.), Russia (70 per cent.), Japan 
(50 per cent.), Italy (40 per cent.), and Germany (30 per cent.)* 
Smaller decreases have occurred in English, French, and Dominion 
subscriptions, but the U.S. numbers are almost stationary. 

Astronomy is perhaps more dependent on international co¬ 
operation than is any other science. The problems it is called upon 
to solve are, by their very nature and magnitude, insoluble except 
by co-operative effort from all parts of the world. Nationalism will 
therefore be mc^t apparent, and will have the most disastrous results, 
in this science, and prompt measures should be taken if any 
symptoms can be clearly shown to exist. But an editorial note hi 
the English astronomical magazine The Observatory (61, 223, 1938) 
puts a less sinister interpretation on the situation. This journal sells 
only about a quarter of its subscriptions in England, and its foreign 
sul^oriptions are actually on the upgrade, new readers coming from 
all parts of the world. The somewhat more popular treatment of 
astronomical matters in The Observatory may, however, be a factor 
here. As modem astrophysics and astrometry grow less and less 
comprehensible to the amateur, he is likely to withdraw his support 
more and more from the technical journals whose primary appeal is 
to the specialist. In any case, the causes suggested by Dr. Struve 
for the decline in Astrophysicai Journal subscriptions—financial 
difficulties connected with militarism, and legislative restrictions on 
foreign purchase—should presumably operate unfavourably with 
the Eng lish journal whatever the nature of its subject-matter, 
whereas no such tendency is detectable. 

In view of this divergence of opinion, it becomes of interest to 
examine other aspects of the same subject—society membership, for 
exampte. in the last ten years, the overseas membership of the 
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Royal Astronomical Society has shown a steady increase, though the 
total membership has declined somewhat. The proportion of foreign 
members in the Society has therefore increased markedly. As a 
result of this, overseas circulation of the Society’s Monthly Notices, 
a publication of much the same standing as the Astrophysical Journal, 
has gone up. A more direct indication of the state of affairs is 
afforded by the present position of the International Astronomical 
Union. Triennial general assemblies of the Union are held, in one 
or other of the various adhering countries, for the purpose of taking 
unified action on draft reports which have been drawn up by inter¬ 
national correspondence between the meetings. The amount of 
work done at these assemblies has been steadily increasing since the 
birth of the Union, whether it is measured by the number of decisions 
taken or by the scope of those decisions. The last meeting, held at 
Stockholm in August 1938, showed a record attendance of 282 
delegates from 29 countries. There seems little evidence here for 
any decline in international co-operation. 

The fact remains, of course, that the Astrophysical Journal is 
not as widely distributed in foreign countries as it was formerly. 
The United States, possessing as it does the biggest telescopes in the 
world, has contributions of great significance to make to our know¬ 
ledge of the universe, but their value depends largely on the extent 
to which they are disseminated. The matter is serious, then. Nor 
is it one of interest only to astronomers : it is vital that we should 
maintain channels for the exchange of scientific information of aU 
kinds between America and other countries. American isolation 
has in the past been disastrous politically and economically. At a 
moment when these barriers are at last being broken down, it would 
be doubly disastrous if they should be replaced by scientific ones. 

Miscellanea 

The list of those elected Fellows of the Royal Society at the 
meeting held on March 16 is as foEows : G. S. Adair, physiologist, 
Cambridge; C. H. Andrewes, pathologist, National Institute for 
Medical Research ; M. Born, mathematical physicist, Edinburgh ; 

A, J. Bradley, physicist, Cavendish Laboratory ; D. Brunt, 
meteorologist, Imperial CoEege of Science; F. A. E. Crew, geneticist, 
Edinburgh; F. W. Edwards, entomologist, British Museum; 

B. M. Jones, aeronautical engineer, Cambridge; G. W. C. Kaye, 
physicist, National Physical Laboratory; E. G. T. liddeE, physi¬ 
ologist, Oxford; E. J. MaskeE, plant physiologist, Cambridge; 
I. Masson, chemist, Sheffield; C. E. K. Mees of the Eastman Kod^ 
Co., N^ew York; M. H. A^Newman, mathematidan, OwM 
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H. H. Read, geologist, Imperial College of Science; Sir R. G. 
Stapledon, botanist, Aberystwyth; H. M. Turnbull, anato¬ 
mist, London Hospital; E. E. Turner, organic chemist, Bedford 
College, London; V. B. Wigglesworth, entomologist, London 
School of Hygiene and Tropical Medicine ; E. J. Williams, physicist, 
Aberystwyth. 

H.M. the King has approved the award of the Founder’s medal 
of the Royal Geographical Society to Mr. A. M. Champion for his 
surveys of Turkana Province and the volcanoes south of Lake 
Rudolf, and of the Patron’s medal to Prof. H. Ahlmann, Stockholm, 
for his work in the Arctic. 

Other medals and prizes awarded during the past quarter in¬ 
cluded the James Scott prize of the Royal Society of Edinburgh to 
Prof. P. A. M. Dirac ; the James Alfred Ewing medal of the Institu¬ 
tion of Civil Engineers to Prof. A. H. Gibson of Manchester; the 
gold medal of the Linnean Society of London to Prof. E. D. Merrill, 
professor of botany in Harvard University, and the Perkin medal 
of the Society of Dyers and Colourists to Mr. J. Baddiley of Imperial 
Chemical Industries, Ltd. 

Prof. F. G. Donnan has succeeded Sir F. Gowland Hopkins as 
president of the Association of Sci^tific Workers and has been 
elected an honorary member of the Soci6t4 Philomathique of Paris. 

Prof. H. C, Plummer has been elected president of the Royal 
Astronomical Soriety for the coming session. Sir Robert Robinson, 
presidmit of the Chemical Society, Mr. W. A. S. Calder of the Insti¬ 
tute of Chemistiy, Prof. H. H. Swinnerton of the Geological Society 
of London, Dr. Allan Ferguson of the Physical Society, Sir Sidney 
F. Harmer of the Ray Society, Prof. W. H. Roberts of the Society 
of Public Analysts and Other Analytical Chemists and Mr. W. E. 
Watson-Baker of the Quekett Microscopical Club. 

Dr. J. M. Sta^ has been appointed superintendent of the Kew 
Observatory, RicWond, in succession to Dr. F. J. W. Whipple 
who has retired under the age limit. 

We have noted with great regret the aimonnoements of the death 
of to following well-known scientific workers during the past 
quarter ; Prof. H. Balfour, F.R.S., Oxford University, anthropolo¬ 
gist; Mr. E. R. Bolton, chemist; Sir William Butler, brewer; 
Ifr. L. H. Dudley Buxton, Oxford University, anthropologist; 
Mr. Howard Carter, egyptologist; Prof. F. J. Chesire, F.R.S., 
pjbjsicist; Ptof. A. P, Coleman, F.R.S., University of Toronto, 
geplo^t ; Dr. J. E. R. Constable, National Physical Laboratory, 
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physicist; Prof. W. Cramp, University of Birmingham, electrical 
engineer ; Prof. H. A. Cummins, University College, Cork, botanist; 
Prof. H. M. Dawson, P.R.S., University of Leeds, physical chemist; 
Prof. J. W. Edington, University of Sheffield, bacteriologist; 
Dr. L. Pabry, astronomer ; Mr. H. J. George, University of Oxford, 

. chemist; Dr. W. E. Grimshaw, deputy-director of ballistics research, 
Woolwich; Dr. E. H. Hankm, bacteriologist; Prof. G. Heilman, 
of Berlin, meteorologist; Prof. A. M. Hocart, University of Cairo, 
social anthropologist; Prof. C. M. Jessop, University of Durham, 
mathematician; Prof. C. C. Okell, University College Hospital 
Medical School, bacteriologist; Prof. Joji Sakurai, Imperial Uni¬ 
versity, Tokyo, chemist; Prof. K. Schroter, Federal College of 
Technology, Zurich, botanist; Prof. A. Smithells, F.R.S., University 
of Leeds, chemist; Prof. S. P. L. Sorenson, director of the Chemical 
Dept., Carlsberg Laboratory, Copenhagen; Prof. G. Tamman, 
Gottingen, physical chemist; Eng.-Commander J. J. Walker, entomol¬ 
ogist ; Prof. E. B. Wilson, F.R.S., Columbia University, zoologist. 


The Stanton Ironworks Co. of Nottingham has been awarded the 
contract for the supply of the 52 miles of high-pressure gas mains 
required for the main underground artery of the &st stage of the 
West Yorkshire Gas Grid. It is intended to manufacture coal gas 
at the pitheads and to distribute it to consumers through the usual 
supply companies. The order comprises some 20,000 large- 
diameter pipes weighing up to 16 cwt. each and tested to withstand 
an air pressure of 60 lb. wt. per sq. in. 


The Illumination Section of the Science Museum at South Ken¬ 
sington has been increased by an additional 3000 sq. ft. of exhibition 
space, partly so that the illumination coUeotions may be made 
thoroughly representative of modem practice and partly to exhibit 
in a worthy fashion the “ Bryant and May ” collection of fire¬ 
making appliances which has been lent for permanent exhibition 
in the Museum. 

The Bryant and May collection is unquestionably the most 
complete in existence and is of world-wide interest. Practically 
every known method of making fire, from primitive wood friction 
devices to the modem safety match is represented. Among the, 
more unusual exhibits are an alarm-clock, over two hundred years 
old, w;hich fired a trigger that exploded a charge of gunpowder 
lit a candle that sprang up and lit the owner out of bed ; " 

tinder holder from China, studded with opals; fike; 
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South Seas that worked on the same principle as the bicycle pump 
which gets hot as it is pumped ; the original record of sale and some 
original friction matches made by John Walker of Stockton in 
1827. 

The Illumination Section begins with an historical display tracing 
the story of the candle, oil lamp, acetylene burner, gas and electric 
light, all arranged in weU-lit cases showing stages in development. 
Among the many notable exhibits are such interesting objects as 
dried birds used as oil lamps in the Shetland Islands ; a lighthouse 
lamp with parabohc reflector dating back to 1763 ; part of an illu¬ 
minated sign made to celebrate the battle of Waterloo in 1815 (it 
contained over 1300 oil lamps); and onfe of the arc lamps used in 
the pioneer scheme outside the Royal Exchange in 1881. 

Following this section is a number of automatic demonstrations 
of the principles which must be understood if good lighting is to be 
obtained. Most of these demonstrations, including rooms illustrat¬ 
ing decorative lightiag and the various types of lighting from fully 
direct to fully indirect, were prepared for the Electric Illumination 
Exhibition held at the Science Museum some eighteen months ago. 

The Meport of the National Physical Laboratory for 1938 (H.M. 
Stationery Offlce, 28. 6d. net) contains the usual summary of the 
more important investigations either completed or brought to a 
definite stftge in their progress during that year. In the Heat divi¬ 
sion the freezing point Of rhodium has been determined and the re¬ 
sult obtained, 1965 ± 3° C., is indistinguishable from that previously 
obtained at the National Bureau of Standards. A method for the 
determination of the temperature of liquid steel in the furnace 
(c. 1650° 0.) has been developed. A platinum thermocouple is used 
in conjunction with a “ quick-immersion ” technique. Prehminary 
experiments showed that the thermocouple, lightly sheathed in 
silica, withstood immersion for 20 sec. at temperatures up to 1690° C. 
without fracture of the sheath or apparent depreciation of the 
couple. The sheath tended to collapse but could be used for 12 im- 
ihersions without renewal. Ten to 15 sec. sufficed for the couple to 
reach temperature equilibrium and the results obtained were in good 
agreement with those given by an optical pyrometer working under 
black-body conditions. 

An investigation of a rather different kind originated in a request 
from the Receiver for the Metropolitan Police District for suggestions 
for improving temperature conditions in police telephone boxes. 
Considerable improvement resulted from the use of a false ceiling 
of f-in. wall board covered on both faces with aluminium foil. 
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The testing departments dealt with more than half a million 
cHnioal thermometers, over 22 gm. of radium and more than eight 
times as many instruments required for electricity supply measure¬ 
ments as in 1936, Fewer taximeters were tested and only one 
meter was submitted for a Class I test. 

The reason for the poor acoustical properties of the Assembly 
HaU of the League of Nations at Gleneva was investigated and it was 
discovered that the plan fibaally adopted was not among those sub¬ 
mitted to the Architectural Acoustics Committee at various times 
duriag the eight years in which the design was under consideration ! 

Experiments in the Electricity Department showed that the risks 
of explosion due to generation of static electricity in dry-cleaning 
processes can be reduced by using soaps which increase the conduc¬ 
tivity of the cleaning solvents, and a portable instrument showing 
whether the conductivity is adequate was devised. The Metrology 
Department completed the work on the value of g at Teddington, 
the final value being QSl-lSL ± 0-0015 cm./sec.® The MetaUmrgy 
Dep^ment investigated the Seger cones used for temperature 
measmrement in the fire-brick industry and found that, with proper 
use, temperatures over the range 1560°-!760° C. could be measured 
with an accuracy but little short of that obtainable with a good 
optical pyrometer. Investigation of the inorganic constituent of 
tooth enamel showed that it is mainly hydroxyapatite in which a 
small proportion of the calcium atoms is replaced by magnesium. 

Work in the Wilham Froude laboratory proved that by suitable 
design the fuel consumption of small 70-80 ft. motor driven drifters 
can be reduced by some 40 per cent. Thirty-seven designs only 
were tested in this laboratory during the year as against 68 in 1937 
and 88 in 1936—^the peak year. 

The Department of Scientific and Industrial Research has issued 
three further leaflets in the series describing standard methods for the 
detection of poisonous gases produced in industrial processes. They 
deal with sulphm: dioxide, benzene and nitrous fumes. A concen¬ 
tration by volume of 1 part of sulphur dioxide iu 2000 is dangerous 
for even short exposures and 1 part in 100,000 is the maximum 
concentration allowable for several hotus’ exposure. Concentra¬ 
tions down to 1 part in 250,000 can be estimated by using test- 
paper treated with starch and potassium iodate mixed with potas¬ 
sium iodide. 

Benzene acts as a narcotic in high concentrations, while pn^ooged 
exjK)sure to low concentrations affects the blood and hl( 
organs of the body. Inditidual suscelptihility is well 
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women and young persons being particularly susceptible. Concen¬ 
trations of from 1 to 200 to 1 to 500 have been found in factories 
where poisoning has occurred. Concentrations down to 1 in 10,000 
can be detected by absorbing the contaminated air in concentrated 
sulphuric acid containing a trace of formaldehyde. 

Nitrous fumes are extremely dangerous on account of their 
insidious character. There may be, and generally are, no immediate 
effects and therefore it is impossible to foretell the serious conse¬ 
quences that may result from the inhalation of these fumes. A 
workman, unaware that he has inhaled the fumes, continues at 
work, often remaining well rmtil after he has returned home. Some 
hours later he becomes restless with a dry cough and shortness of 
breath. These symptoms increase, accompanied by a frothy sputum 
tinged with blood. K appropriate treatment is not applied, death 
follows from oedema (waterlogging) of the lungs. 

Concentrations stronger than 1 in 10,000 are frequently fatal if 
breathed for more than a few minutes. It is therefore most impor¬ 
tant to note that a concentration which is dangerous to inhale for 
even a short time may be hardly noticeable, because no disagreeable 
symptoms may be produced. Tor this reason any atmosphere m 
which nitrous fumes are noticeable either by smeU, irritation, or 
colour, should be regarded as dangerous. The method of test which 
has been developed will easily detect a concentration of 1 part in 
100,000. It is based on the Griess-Ilosvay reaction and is carried 
out by drawing the atmosphere under test by means of a hand pump 
through a tube containing the reagent (a mixed solution of a-naph- 
thylamine and sulphandic add in acetic add) until a rose-pink colour 
of standard depth is reached. From the number of strokes of the 
pump required to produce the standard colour, the concentration of 
nitrous fumes present can be obtained by reference to the table given 
in the leaflet which, with the others in the series, can be obtained 
from H.M. Stationery Office. 

Food Investigation Spedal Report No. 47 (H.M. Stationery 
Office, 2s. 6d. net), entitled Micrctnology in the Preservation of the 
Em's Egg, contains a most interesting account of the reasons for 
the deterioration of eggs and its prevention. “ Mustiness,” “ fishi- 
n^ ” and “ cabba^-water ” m the white are micro-biological in 
origin. The cause of the ” strong ” flavour in the yolk is not yet 
certain but that which appears after about seven months’ storage is 
probably due to the absorption of odours from the packing, e.g. the 
straw board fillers. The “ water-glass ” method of storage is per¬ 
haps the best, eggs having been kept in good condition for several 
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years in this way, but the method is not very convenient for use on 
a commercial scale. 

The March number of the Journal of Research of the National 
Bureau of Standards (Vol. 22, No. 3) contains an interesting paper 
by Hoge and Brickwedde on the establishment of a temperature 
scale for the calibration of thermometers between 14° and 83° K. 
They compared platinum and platinum + 10 per cent, rhodium 
resistance thermometers with a helium gas thermometer and 
reduced the results to the thermodynamic scale by the Leiden 
method of extrapolation to zero pressure using Henning’s results for 
the B coefficient. 

The January issue of the Bdl System Technical Journal contains 
another paper by Karl K. Harrow—^this time dealing with the 
nature of cosmic rays and the mesotron. 



ESSAY REVIEW 

KABli PEARSON. By E. C. Rhodes, D.Sc. Being a Review of Karl 
Pearson : An Appreciation of Some Aspects of His Life and 
Work, bjrE. S. Peaeson. [Pp. viii -h 170, with 9 plates.] (Cambridge : 
at the University Press, 1938. IO 5 . 6d. net.) 

No one person can write adequately on the subject of another. 

I first met K. P. in 1919, when he was 62 years old. At this age, 
present-day professors are looking forward to retirement or they 
have already retired. I went to see him at University College about 
the prospect of working under him as an assistant in his department. 
He was housed at that time in the older part of the College, and 
told me of the new buildings which were about to be taken over 
by his staff. He was at the beginning of a new life ! I realised 
that he was my ideal of the scientist, someone with whom one 
would serve an apprenticeship, someone who would initiate the 
pupil into the mysteries of his craft and who would expect at the 
same time skilled work and service from the apprentice. In the 
next few years, I learned what it was to keep going through a 
maze of algebra, where the answers did not always emerge in the 
simple form reserved for the text-book or the examination-room, 
and I learned that one may spend some days computing before 
an arithmetical result was achieved. But what a thrill when one 
did arrive at the answer, feehng confident that, by constant checks 
during the process of calculation, the result was accurate! 

When one has contacts with such a man as Karl Pearson was, 
one naturally is interested in his scientific history. Why and how 
did he start doing statistics ? How did Galton become interested 
in such a subject ? I used to get some interesting tit-bits of early 
history in lunch-time conversations. I remember once discovering 
that for years he had taught engineers to use graphical methods, 
in the days when the engineering student would not be expected to 
be acquainted with the differential calculus. 

To me, the book by his son, Egon Pearson, giving an account 
of the life and work of his father is especially interesting. It tells 
me much about K. P. which I did not previously know, and it 
traces his scientific life through its various phases. 

150 
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I got the impression, later conJGbrmed by Karl Pearson’s speech 
at a dinner held in his honour at University College in 1934, that 
his appointment as Professor of Apphed Mathematics at University 
College was to lead to a life which he had not altogether planned. 
He gave me the idea that there were two young men, himself and 
another, working at the law and other things, that one of them, 
K. P., devoted himself to mathematics but should have stuck to 
law, and the other kept to the law but should have remained a 
mathematician. What contradictions appear to be present in a. 
situation where a philosopher, and K. P. seemed to be more interested 
in philosophy in 1884 than in other things, undertook the teaching 
of Applied Mathematics and Mechanics to Engineering Students. 
How often would such an appointment be made to-day ? More¬ 
over, and here perhaps one’s recollections are not altogether accurate, 
the old system of salary payments differed from that of the present 
time. In the old days, a professor had a comparatively small fixed 
stipend, but he took a share of his student’s fees, so that his success 
as a lecturer was to affect his income. Judging by extracts from 
letters written on Pearson and his work at that time, which are 
quoted in the book, his students in the 1880’s appreciated his work 
for them. 

It is interesting to read of the origin of the Orammar of Scieme, 
a book which ranged far beyond its country of origin and which 
to-day is available in the Everyman ” series. Pearson became 
“ Gresham Lecturer in Geometry ” in 1891, and the subject matter 
of the lectures became the foundation of the book. E. S. Pearson 
reproduces in an appendix to his account of K. P.’s work a full 
syllabus of these lectures, and one feels strongly that such lectures 
should be available for all university students of the present day. 
In a way, one regrets that such courses are available in book form 
(instead of lectures), because students with so much to read, neglect 
an essential part of their education when they fail to place in the 
general scheme of scientific thought the little part of knowledge on 
which they concentrate. The Victorian student certainly appears 
to have had a broader training than the student of to-day. 

At this time in his fife Pearson was m contact with both Weldon 
and Galton. Measurements of variation amongst individuals in a 
group, measurements of correlation, of regression and the way in 
which these variations were distributed were subjects of deep 
interest, We get the beginnings of the Pearson system of Erequepoy 
Curves and the product moment method of correlation applied ov<^ 
and over again to all kinds of material. We ^t the subseq^# 
development of other methods of computing the correlation betwe^ ^ 
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pairs of variables, the methods being modified to snit the form in 
which the material of investigation appeared. All the time, the 
given mathematical problem was determined by the scientific 
problem. It is well that this should be realised, because the methods 
invented and used in the past have since been used when the scientific 
problem to be solved does not properly lend itself to solution by 
these methods. Perhaps the correlation coefficient has been the 
most abused. The computation of this measure is a purely mechan¬ 
ical one. Given the correlation process, any number of pairs of 
values of x and y may be fed to the machine, and when this has 
done its work, out wiU come the correlation coefficient. But in 
many cases it may not mean anything. 

It is somewhat astonishing that Pearson never delved further 
in the ground which lay alongside the correlation field. He VTote 
on lines and planes of closest fit, where x and y were two variables 
assumed to be connected by a functional relationship f{x, y) = 0, 
but where observations of pairs of values of x and y were both 
subject to error. This early work never seems to have been fol¬ 
lowed up by him. One gathered that he thought that all relation¬ 
ships were of the nature of correlation rather than causation, and, 
if this is so, perhaps therein lies the explanation. 

One often reads in books on elementary statistical methods 
when an author is dealing with various methods of describing 
ftequency distributions, that the arithmetic mean and the standard 
deviation are prefenred to the median and the quartile deviation, 
amongst other reasons, because they lend themselves more easily 
to further a^l^ebraical manipulation. It is pure speculation, of 
course, and perhaps impertinent, but one often wonders what 
leads a scientist faced with a choice between two h 3 q)otheses to 
choose one rather than the other. Is it that one hypothesis enables 
practical results to be deduced, and the other is sterile ? Is the 
first then explored further in order to find reasons for its superiority 
over the second ? 

One of the most elegant pieces of algebra for which Pearson 
was responsible was the development of the %^-test, and this gave 
him a powerful weapon with which to t^t his results in curve¬ 
fitting. The manner in which his system of curves would fit all 
kinds of biometric distributions was astonishing. There certainly 
seemed to be some divinity at work, and yet, the basis on which 
the fundamental differential equation was built was really arbitrary. 
There was a connection with a chance distribution, but it was a 
peculiar one. To the practical man, here was a convenient method 
of smoothing out irregularities in a statistical series. The philosopher, 
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perhaps, got no nearer the reasons why a particular phenomenon 
was distributed in a certain way, but he might be able to assert 
with confidence that there was some lack of homogeneity in his 
data. Perhaps, to Pearson, one of the most cogent reasons why 
he developed his system of curves was his awareness of the weakness 
of the normal law of errors which had reigned supreme for so long 
and which was assumed over and over again to be in operation, 
when observations showed the contrary. 

Mention must be made of a rnodus operandi which he recom¬ 
mended to his pupils—^to work at a problem de novo. When the 
pupil, equipped with the tools of his trade, had applied his powers 
to the solution of a problem, then was the time to read what others 
had done. The pupil, perhaps, found that the masters had done 
all that he had done, and more, in which case he learnt in the best 
manner the work of the masters. Maybe, the pupil tackled the 
problem in a different way from that of his predecessors. The 
pupil’s method may have been the better method. In any case, 
one was not guided the whole time into the grooves made by others. 
Perhaps, this method of working, which presumably was Pearson’s, 
explains why his work on frequency curves was independent of the 
work of the Scandinavian school which concerned itself with modi¬ 
fications of the normal law of error, and that of Edgeworth, which 
was also concerned with similar modifications. 

Further, mention should also be made of Pearson’s writings on 
the interpretation of statistical data, K. P.’s name will go down 
to posterity mainly on account of his influence on the developments 
of statistical methods, but he devoted a considerable amount of 
time to writing and lecturing on the implications of statistical data. 
His training led him to object vehemently to a thesis founded upon 
an imperfect basis of fact, or a wrong interpretation of facts, especi¬ 
ally facts which had been made susceptible to the counting process. 
His training, moreover, gave him a deep acquaintance with many 
technicalities outside mathematics, and he was a doughty opponent 
in argument. In general, a discussion of a social problem is con¬ 
ditioned by a knowledge of certain facts, which may only refer to 
aspects of the problem. Some of the information which is available 
may be of the nature of statistics, which may be peculiar in the 
sense that the thing measured may carry an artificial definition or 
the things counted may be special stigmata of the problem. The 
point is that the statistical data may require very careful handling 
before the problem is supposed solved. One has only to think oC 
historical series of birth-rates and their relation to various Factory, 
Acts, or the state of civilization in a country being 
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the percentage of illiterates to envisage the difficulties involved in 
the interpretation of statistics. Pearson’s incursions into various 
controversial fields are dealt with objectively by his son in the 
present book. 

E. S. Pearson is to be congratulated on his appreciation of his 
father’s work, A difficult task has been weU done. There is a 
modem tendency for autobiographies to be written by young men.. 
In a sense, K, P.’s autobiography is in his writings, from his early 
interest in Philosophy to his later hobby of skulls. We miss, 
however, in his writings, the human touch which is everywhere 
to be seen in the pages of the present work. Statistics to the 
layman may appear to be dry, to the statistician they are living 
things, willing to speak their secrets to the person who can handle 
them in the right way. Such a person is interested in how the 
earlier statisticians lived and why they were impelled to consider 
certain problems. As far as Karl Pearson is concerned, most of 
the answers are in the present book, which takes its rightful place 
in the history of statistics, since the history of a subject is the history 
of those who developed the subject. 

I started out by saying that I met Karl Pearson in 1919 when 
he was 62. He died in 1936 when he was 79. He retired from his 
Chair at University College in 1933, but he stiU retained a little 
harness. I had gradually leamt something about his versatility and 
his output, but full realization only came with reading E. S. Pearson’s 
book. K. P. stands out as a giant amongst pygmies. 
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MATHEMATICS 

Solid Mensuration with. Proofs. By Wuxis F. Kern and James R. 
Bland. Second edition. [Pp. viii 4- 172, with frontispiece and 
figures.] (New York : John Wiley & Sons, Inc.; London : Chapman 
& Hall, Ltd., 1938. lOs. net.) 

In producing a second edition of their book, the authors have entirely re¬ 
written the text. The elementary and most famiKar solids are taken first 
and classed in three groups according to the type of formula for the volume. 
Then come the sphere, volumes and surfaces of revolution, polyhedra and 
prismatoids. Proofs are based on the lemma: if, in two solids of equal 
altitude, the sections made by planes parallel to and at the same distance 
from their respective bases are always equal, the volumes of the solids are 
equal. 

At the end of the book are four figure tables of logarithms and of trigono¬ 
metric functions. There are many exercises, and answers are provided. 
The book is well produced; diagrams are plentiful and clearly help the 
reader to see the space-structure of objects. Perhaps this accounts for a 
rather high price. J W A 

Co-ordinate Solid Geometry. By Robert J. T, Bell, M.A., D.Sc., 
LL.D. [Pp. xiii -1-175-1- xliii, with 46 figures.] (London: Mac¬ 
millan & Co., Ltd., 1938. 7s. 6d.) 

This book is a reproduction of Chapters I to IX of An Elementary Treatise 
on Co-ordinate Geometry of Three Dimensions by the same author. The 
larger work is a standard text-book, so the present book needs little intro¬ 
duction to teachers who require a treatment of the subject adapted to a 
Euclidean space. The topics dealt with are : properties of a plane, the 
straight line, the central quadrics (referred to their principal axes as axes 
of co-ordinates and going as far as their plane sections and their systems 
of generators). For a large body of students, this is all that is ne^ed. 

The appropriate miscellaneous exercises have been selected out of the 
larger book and an extra set has been added. There is also an appendix 
offering simplified proofs in place of some carried over with the original text. 

J. W. A. 

Advanced Analytic Geometry. By A l an D. Campbe l l. [Pp.x-f 310, 
with figures.] (New York: John Wiley & Sons, Inc.; London: 
Chapman & Hall, Ltd., 1938. 20^. net.) 

This book is a usefiil complement to the usual English text-book and stresses 
the idea of a geometry associated with the transformations belonging to a 
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group. The first part is concerned with affine transformations and the second 
with the general analytical aspect of projective geometry. The discussion 
ranges over cross-ratio, collineations, conics, systems of conics, and elemen¬ 
tary theory of “ higher plane curves.” 

The exposition is detailed and somewhat informal. Almost every section 
has its set of exercises, these having a numerical bias. 

The logical steps involved in the modification of a Euclidean plane with 
only real points by the addition of complex points and then further by the 
addition of a line at infinity are not satisfactorily brought out. In keeping 
with the projective point of view, Part H opens with a demonstration that 
a co-ordinate system can be attached to a triangle without needing the 
concept of distance. Since we never get away from a modified Euclidean 
plane, wherein distance is ready-made, it may be thought that the reader 
would find things easier if this discussion came later in the book. 

In spite of these points, we hope that students will give this book their 
attention. ^ j. a. 

Calculus. By E. S. Smith, M.E., Ph.D., M. SAiiXOVER, Ph.D., and H. K. 
Justice, C.E., Ph.D. [Pp. xii + 658, with 286 figures.] (New 
York : John Wiley & Sons, Inc.; London : Chapman Hall, Ltd., 
1938. 165. net.) 

The technical student with an elementary knowledge of calculus will find 
this book congenial. It covers the usual ground for differential and integral 
calculus, with applications to arests, volumes, and mechanical concepts such 
as vectors and their derivatives, moments of inertia, mean centre and centre 
of pr^sure. The physical applications are not just glanced at, but are 
treated thoroughly for their own sake, and they provide material for the 
many examples worked in the text. The explanations, for example, in 
dealing with integration by substitution, are sometimes too sketchy for a 
student to follow without a teacher, but this is partially redeemed by the 
detailed examples which are admirably illustrated and very clearly set out. 
Thexe axe valuable sections on curve traoing and asymptotes and on ap¬ 
proximate integration. Oddly enough. Pappus' theorems are not given all 
the limelight they deserve. 

Though the text is not thorough or extensive enough for it to be recom¬ 
mended to the mathematical specialist, it is reasonably rigorous and has 
the modem approach to the elements of analysis. The explanation given 
that chord and arc are infinitesimals of the same order does not amount to 
a proof, and the same may be said of the argument whereby the vanishing 
of f'{x) in an interval is shown to imply the constancy of /(a?). But the 
authors are generally cautious and do not obscure genuine mathematical 
difficulties. 'Eiey frequently use a theorem of Duhamel when expressing 
the limit of a sum as an integral, but since the theorem itself is not proved, 
it may well be that Darboux’s theorem would have been a simpler and a 
saf^ rule to give to the reader for which the book is intended. 

H. K. 

A Course in Creneral Mathematics. By Harold T. Davts. [Pp. xii 
-f- 316, with 43 figures,] (Bloomington, Indiana: The Principia 
Press, 1935 ; London : Williams & Noigate, Ltd., 1938. lOa. fid. net.) 
The author stat^ in Ms preface that tMs book is a course “ for students 
preparing to become teachers of arithmetic.” The algebra discussed includes 
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the solution of linear equations by determinants, arithmetic and geometric 
series and a very slight account of the number e. The trigonometry covers 
the ground required for the solution of triangles. Several other topics are 
included and the chapter on the elements of statistics is of interest. Through¬ 
out the book the author has paid attention to the historical aspects of the 
subject. 

One would not expect vigorous proof in a book of this style but it is 
unfortunate that the author has occasionally been guilty of mis-statement 
and over-simplification. In particular it is not true that three equations 
+ Ky -f -f do = 0 (?; = 1, 2, 3) 
are necessarily inconsistent if the determinant la^, Cg] =0. 

C. M, R. 


ASTRONOMY 


A Hundred Years of Astronomy. By Regh^au) L. Watebfielu. 

[Pp. 526.] (London : Gerald Duckworth & Co., Ltd., 1938. 21^. net.) 

The author of this fascinating book takes the reader over the paths trodden 
by the pioneers of astronomy of the nineteenth century. There are many 
recent books dealing with the astonishing conclusions of modem astronomy, 
but we know of none other which explains with such clarity the methods, 
both practical and theoretical, by which these conclusions have been reached. 

The earlier part of the book traces the historical development of the 
science, the reader being quickly provided with a general view of its present 
position. Later chapters fill in the details. This arrangement gives the 
headings of the chapters an appearance of chaos (e.gr. “ Wireless Time Signals, 
Stellar Evolution, and Relativity ”) which is belied by their contents. The 
varied contributions made to the evolution of the subject by the invention 
of the photographic plate, the development of the spectroscope, and the 
co-operation of opticians and engineers in building the giant telescopes of 
to-day, are each given their due weight. Nor does the author neglect to 
give the gist of the theoretical advances of the past century, and to point 
out how international co-operation has made available a store of information 
on which much of our statistical knowledge is based. 

As might be expected in a book of this sort, much the greater portion 
is devoted to sidereal astronomy. The reader is given connected accoimts 
of how such stellar attributes as magnitude, diameter, colour, tempemture, 
and surface gravity are measured and interpreted; and of how our know¬ 
ledge of the structure of the universe has been gradually built up j&rom obser¬ 
vations of variable stars, nebulae, and the absorption of light in spatoe. 
Conung nearer home, the author describes recent developments, no less 
spectacular, in a more restricted field—^the solar system. His position as 
Director of the Mars Section of the British Astronomical Association is 
sufficient guarantee of the accuracy of this latter part. 

The treatment throughout is non-mathematical and, as far as possible 
non-technical; but Dr, Waterfield has nevertheless managed to present a 


balanced view of the whole subject by making clear how great is the debt ; 
which astronomy owes to mathematics and physics, without gdng hit# ; i 
details. It is a pleasure to welcome an accurate work of referee 
is at the same time a story which can be read with j^easure as well 
profit by both the prof^sional astronomer* the Inteiresled 
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Starcralt. By William H. Babton, Jb., and Joseph Mabon Joseph. 
[Pp. viii 4“ 228, with coloured frontispiece and 139 figures.] (New 
York and London : McGraw-BQll Publishing Co., Ltd., 1938. 10s 6d, 

net.) 

Tpus book is written, in a somewhat loose style, with a few minor inaccuracies, 
for American children (a typical chapter heading : Squinting through the 
Magic Eye of the Telescope ”). It differs from most other similar works 
in giving detailed instructions on building simple astronomical instruments, 
in addition to supplying the star charts and guides to the constellations 
conventional in books of this type. 

The interested reader with a mechanical bent can start by making a 
cross-staff and quadrant, go on to orreries and sundials, and finally, when 
his enthusiasm has been thoroughly aroused, embark on his own refiecting 
telescope. For this latter purpose the authors give complete directions for 
spherically grinding, polishing and testing a 6-inch mirror (the Ronchi test 
is described), and for moxmting it equatorially. The adult amateur will 
find this section an admirable introduction to such a book as Ingalls’ Amateur 
Telescope Making, 

The remainder of the book describes what the assiduous observer may 
expect to see with the naked eye and with a small telescope. Several 
irreverent but vivid biographical sketches of bygone astronomers and their 
cosmological theories conclude what may truthfully be called a most unusual 


PHYSICS 

The Elements of Physics. By Alphbus W. Smith, Ph.D. Fourth 
edition. [Pp. xix + 790, with 4 coloured plates, 6 black and white 
plates and 789 diagrams.] (New York and London; McGraw-Hill 
Publishing Co., Ltd., 1938. 215. net.) 

The fact that this is the fourth edition of a work first published in 1923 
shows that the book enjoys the considerable popularity which it deserves 
and that the author has, in large measure, achieved Ins aim of writing a 
text-book dealing with the basic principles of Physics which should “lay 
a basis for correct scientific thinking rather than to stress the accumulation 
of facts.” There is much to be said for this attitude of m ind. There is 
no doubt that very many students come to regard the subject as a collection 
of formulae and rules to be committed to memory, and for them the wood 
is largely obscured by the trees. The author chooses his illustrations of 
the fundamental principles from the realms of engineering, agriculture, 
biology, and topics closely touching our daily life and the result is a vivid 
exposition which should (and does) stimulate the interest and imagination 
of the reader. 

The book ranges over a very wide field and the treatment is necessarily 
elementary in character; a slightly more mathematical treatment of certain 
topics is given however in the appendices. The fact that it has not been 
written to suit any particular syllabus is both an advantage and a disadvan¬ 
tage. An advantage in that the author has been able to deal with topics 
which are obviously beyond the scope of an elementary syllabus, but which 
are of very present interest and importance. A disadvantage in that it is 
not easy to say for what particular courses in English Schools and Colleges 
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the book is especially suitable. On the whole it is better not to advocate 
it from that point of view but rather to emphasise the unity of purpose 
which pervades it and the skilful selection of material from so vast a domain. 
Mechanics is dealt with in 16 chapters occupying 182 pages; Wave-motion 
and Sound—6 chapters, 47 pages ; Heat— 10 chapters, 108 pages; Mag¬ 
netism and Electricity— 14 chapters, 166 pages ; Physical and Geometrical 
Optics—9 chapters. 111 pages ; Electronics, Radiation and Atomic Struc¬ 


ture— 10 chapters, 131 pages. The book is profusely illustrated and is well 
printed. It can be thoroughly recommended as a general introduction to 


the subject of Physios. 


Sydney Mabsh. 


A Course of Physics. By Henby A. Pebexns, Sc.D. [Pp. x 4- 820, 
with 1 coloured plate and 621 figures.] (London and Glasgow: 
Blackie & Son, Ltd., 1938. 15s. net.) 

** The chief aim in writing this book has been to explain the difficult portions 
of physics fully and clearly, to introduce modem physical ideas wherever 
they can be discussed with some degree of rigour, and to retain those aspects 
of classical physics which are still valuable as the basis of its fundamental 
principles.” The book certainly does explain clearly the principles of physics, 
often by reference to well-known phenomena in everyday hfe. The scope 
is about the same as that of an Intermediate Course in an English University, 
though some topics mentioned are not usually met in such a course—^for 
instance the Michelson interferometer and the Zeeman effect. But the 
treatment is not as full or as rigorous. There are very few accounts of the 
classical experiments, such as Regnault’s in heat. There are no detailed 
descriptions of apparatus or methods of measurement. For example, 
magnetometers are not mentioned. For a student working for an Inter¬ 
mediate examination the book must be supplemented by illustrated lectures 
and (of course) practical work. The text is non-mathematical, but the lan¬ 
guage of mathematics is used. 

Not all the “ modem physics ” is confined to the chapters at the end 
of the book. Some takes its place in the text without any flourish of trum¬ 
pets. A paragraph on the quantum theory follows the kinetic theory of 
specific heats, the equivalence of mass and energy is mentioned at the end 
of the chapter on radiation, the Raman effect in connection with fluorescence, 
and so on. However, it must not be supposed from this that a large pro¬ 
portion of the book is “modem physics.” 

Nineteen per cent, of the space is devoted to mechanics and properties 
of matter, 15 per cent, to heat, 11 per cent, to sound, including axi excellent 
chapter on wave-motion in general, 22 per cent, to light, 23 per cent, to 
electricity and magnetism, and the rest to “ corpuscizlar physios.” Sugges¬ 
tions for further reading and problems (with answers) are at the end of each 
chapter. There is a good index, and the book is attractively produced at 
a reasonable price. 

If an Intermediate student can afford only one text-book, this is not 
the one to buy if he is working alone. But every student would enjoy 
reading the book and profit by it, particularly during the transition stage 
between Matriculation and Intermediate work. It can also be recommebtded 
to those who are not going on wiili the phymcal science but who 
have a good idea of the basic principles of the subject. ^ 

.'F.-Ak 
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Grimsehl’s Lehrbucli der Physik. Neubearbeitet von PRorESSOB 
Dr. R. Tomaschek. Band II, Teil I: Elektromagnetisches 
Feld—Optik. Eighth edition. [Pp, x -f 866, with frontispiece, 
1 coloured plate and 1,209 figures.] (Leipzig and Berlin: B. G. 
Teubner, 1938. Price abroad RM. 19.50.) 

The English translation of this excellent text-book with its amazing number 
of highly interesting figures and diagrams is so well known that the main 
interest in a review of a new German edition lies in the answer to the question 
as to whether the work has been brought up to date. It can be stated 
without reserve that every effort has clearly been made to make the work 
complete. For example, a description of the van den Graaf machine is 
included and a very helpful diagram of the mode of action of a cyclotron 
is given. The modem aspects of the domain theory of ferromagnetism, 
the Barkhausen effect and Bitter figures are well descaibed. Proper atten¬ 
tion is devoted to the electron microscope and experiments with “ polaroid ” 
find a place. The reviewer particularly liked the treatment of the theory 
of dielectrics and the very illuminating diagrams of the production of electro¬ 
magnetic waves with Lecher wire systems. He still feels, however, a spasm 
of horror when he reads statements such as “ 1 gauss == 10^® Voltsekun- 
den/cm.^,” but his individual taste should not stand in the way of his 
thorough recommendation of an excellently printed and sound work. 

L. F. Bates. 

Statistical Physics. By L. Landau and E. Lifshitz. Translated from 
the Russian by D. Shoenberg. [Pp. viii -f 234, with 54 figures.] 
(Oxford: at the Clarendon Press; London: Humphrey Milford, 
1938. 20s. net.) 

AocK>RDrNG to the preface the aim of the authors is to give a “unified 
presentation of thermodynamics and classical statistics, based on the point 
of view associated with the name of Gibbs.” Since almost aU books on 
statistical mechanics follow more or less the line of Boltzmann a modernised 
treatment of the beautiful ideas of Gibbs is to be cordially welcomed. In 
their task the authors have succeeded perfectly. The book is confined to 
the classical theory and Planck’s constant does not occur. 

After a general chapter on Liouviile’s theorem and the law of increasing 
entropy the Gibbs and Maxwell distribution laws are deduced. The diffi¬ 
culties involved in applying the second law of thermodynamics to cosmology 
are discussed and the result summarised in the following categorical—^but 
undoubtedly true—form: “It is*only a closed system obeying statistical 
laws which has to be in a state of statistical equilibrium. In fact that part 
of the universe which obeys statistics is not a closed system (laboratory 
experimmts) while the universe as a whole is a closed system but does not 
obey the laws of statistics.” A short discussion of the fluctuation phen¬ 
omena is followed by applications of the general theory to the chemical 
equffbrium, the equilibrium of phases, surface phenomena and to anisotropic 
bodies. 

The exposition throughout is very original and clear, often deviating 
largely ffom the line usually adopted. The mathematical and physical 
deductions are kept free from too high a degree of exactness, a fact which 
makes the book very pleasant to read. (There is, for instance, no lengthy 
discussion of the hypothesis of continuity of path.) 
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The research worker will find the book fxill of interesting suggestions, 
though it is hardly the type of book which the reviewer would recommend 
to undergraduate students. 

Elementary Tliermod 3 niamics. By VraGiL Moring Faires, M.E., 
M.S. [Pp. xiv -f- 225, with frontispiece, 102 figures and 2 folding 
plates.] (New York and London: Maemillan & Co., Ltd., 1938. 
125. net.) 

Applied Thermodynamics. By Virgil Moring Faires, M.E., M.S. 
[Pp. xviii -h 374, with frontispiece and 200 figures.] (New York and 
London : Macmillan & Co., Ltd., 1938. 175. net.) 

Probably no branch of technical science is developing at a greater rate 
than that of thermodynamics. It might be added that there is probably 
no branch in which it is more d iffi cult to grasp the fundamental principles. 

The books now under review are included in Messrs. Macmillan’s “ En¬ 
gineering Science Series ” and may be described at once as worthy of their 
place. Although they are not written with any particular examination in 
view, they may be said to specialise in making clear the fiindamentals of 
heat engines. Few students could fail to appreciate the clear way in which 
these texts deal with their subject. 

The one point which appears abnormal is the subdivision of the subject 
matter between the two voliimes. The titles of the books would lead one 
to believe that the smaller text was ^f the nature of an introduction to the 
second. This, however, is not the case, for, as remarked in the preface to 
the elementary volume, the author presents “ for short courses . . . textual 
material that is complete for the topics offered.” The result is that prac¬ 
tically every paragraph of the smaller book is repeated verbatim in the 
second, except for the omission from the larger book of a valuable psychro- 
metric chart and a collection of problems for solution. Both these items 
might well be added to the larger text. 

With the exception of these two items, both texts cover the usual sections 
of thermodynamics which have application in mechanical engineering. 
These include the characteristic equations and properties of perfect gases 
and vapours together with the standard air, refrigerator and steam cycles, 
air compression, flow in nozzles and the properties of mixtures. The work 
is quite up to date, dealing as it does with the regenerative steam cycle, 
while the larger book incorporates articles on the binary cycle and the flow 
of steam in turbines. Here are found also discussions on the effect of variable 
si>ecific heats in relation to the internal combustion engine, problems on 
humidity, and the thermal processes in cooling towers. These are matters 
of considerable importance, but are often neglected in texts of this type. 

The author Is to be congratulated not only on the clarity of his style 
but also on the judgment he has shown in the selection of his material. 

B. L.-E. 

A T3?eatise on Idght. By R. A. Houstogn, M.A., D.So., F.Inst.P. 
Seventh edition. [Pp. xii + 528, with 2 coloured plates, 8 black and 
white plates and 345 figures.] (London, Ne^w York, Toronto: Lc^;^- 
mans. Green & Go., 1938. 145. net.) 

‘‘ HoTjarotTN’s Light ” is a title familiar to all students of Phymos and 
it may be, for “ printed ten times since 1915 ” is no meto record. In 

M 
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so well known are the previous editions, that little need be said in general 
description of the treatise. The book is intended for students who wish to 
proceed further, after having completed a jfirst year’s course and this intention 
it admirably fulfils. 

Advantage has been taken of the opportunity afforded by the production 
of this new edition, the seventh, to make very extensive changes. The whole 
volume has been completely reset, old matter eliminated and the book brought 
up to date by the addition of new material. One chapter is now devoted to 
the quantum theory and half of another to the photoelectric effect. Other 
additions include sections dealing with three-dimensional gratings, recent 
determinations of the velocity of light and the production of optical diffraction 
by making use of the passage of ultra-sonic waves through liquids, such as 
was demonstrated by Debye and Sears. 

There are eight pages of new half-tone illustrations and another feature 
which, doubtless, will be appreciated by all students, is the addition of answers 
to the problems. One may add that experience shows, that a conscientious 
labelling of the axes of graphs is always really worth while and also, that in 
the one or two cases, where no other methods of differentiation are employed, 
arrows attached to light rays would avoid the very small chance of confusion 
which might arise. 

The publishers are to be congratulated upon being able to produce so 
useful a volume at such a favourable price. 

B, E. G. 

lagM. By F. Beay, M.A. Second edition, [Pp. xii + 369, with 8 plates 
and 245 figures.] (London: Edward Arnold & Co., 1938. 7s. 6d.) 

Aftbb an interval of ^even years, the author has now presented a completely 
revise second edition of his IdgM. Following an introductory historical 
chapter, are those dealing with geometrical optics. This part, which has 
been rewritten to permit the change to one of the sign conventions recom¬ 
mended by the Physical Society, carries the reader on to lens combinations, 
thick lenses and even to an introduction to aberrations. It is curious that the 
practice of showii^ the virtual rays as broken lines should be dropped in 
just one or two of the lens diagrams. 

After a clear description of additive and subtractive colours in'the chapter 
on the compositon of light, there follows a consideration of the eye and 
optical instruments in general. The chapter dealing with the velocity of 
light has been brought more up to date by the reference to quite recent 
m^urements. Owing to the ctdvances in recent years in illumination 
engineering, the next chapter, on photometry, has been completely rewritten ; 
it is much improved and now forms a very useful account. The chapters on 
: interference and diffiraction which then follow, mention some applications 
of interest' to more advanced students. The accoimt of polarisation would 
not suffer by a renewed consideration on another occasion. The text con¬ 
cludes with a chapter on spectra and modem theory which, once again, would 
appeal only to more advanced students. The questions and numerical 
airswers are very useful but one felt that, in just the few cases where general 
desoriprive questions were included, a gain would result Jfrom their replacement 
by more definite and suggestive queri^. 


B. E. G. 
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The Perception of Light, By W. D. Wright, D.Sc., A.B.C.S. [Pp. 
viii + 100, with 49 figures.] (London and Glcisgow : Blackie & Son, 
Ltd., 1938. 6s. net.) 

This little book gives an account of the phenomena of vision which, to quote 
from the Preface, “ seem of most importance to those concerned with lighting 
problems and with the technical manipulation of visual sensations.” The 
perception of movement, contrast and detail, dark adaptation, light adapta¬ 
tion, apparent brightness and glare form the main topics. These are dis¬ 
cussed in an interesting manner with many references to recent researches. 
Wherever possible the attempt is made to relate the facts of visual perception 
with the underlying mechanisms in the retina and nervous system. The 
practical questions dealt with include the lighting of streets, factories and 
cinemas, the reduction of glare from motor-car headlights and correct repro¬ 
duction in photography. 

Dr. Wright has an easy style of writing and he succeeds in giving coherence 
to a mass of facts and theories of vision and their applications. Not all the 
views expressed will meet with general agreement. The claims made for the 
use of apparent brightness in dealing with practical problems have yet to be 
substantiated. It seems unlikely that by the measurement of apparent 
brightness by binocular matching we can evade the main difficulty which is 
the assessment of visual performance under practical conditions. The value 
of the method in probing the mysteries of visual perception has been amply 
demonstrated by Dr. Wright’s own work and is not in question. 

Lohle’s work (1929) on the relation between the visual threshold and the 
area of the test spot might well have been quoted instead of the much earlier 
results of Piper (1903). On the effect of time of exposure of the test spot, 
the Blondel-Rey law could have been given in place of the less general Char- 
pentier relation. It is questionable whether in a fog at night signal lights are 
fiirst seen as diffuse light patches, as stated on p. 33. However, these are 
minor criticisms of a book which provides profitable reading for everyone 
interested in vision. 


Spectroscopy in Science and industry. Proceedings of the Fifth 
Summer Conference on Spectroscopy and its Applications, held at the 
Massachusetts Institute of Technology, 1937. Edited by George R. 
Harrisok. [Pp. viii + 134, with 60 figures.] (New York; John 
Wiley Sons, Inc.; London; Chapman & Hall, Ltd., 1938. 16^. 
net.) 


Lsr 1932 a summer conference on spectroscopy and its applications was held 
at the Massachusetts Institute of Technology. It was so successful that a 
similar meeting has been held annually ever since, and the present volume 
contains a slightly abbreviated account of 29 of the 36 papers presented at the 
conference of 1937. Though confined to the practical applications of spectro¬ 
scopy, the range covered is extremely wide, including such diverse subjects 
as metallurgy, pathology, organic and inorganic chemistry, physiology, 
botany, as well as discussions of instrument design and ug^, wave-ldB^^ 
tables, the special significance of the infra-red region, and the use of the 
troscope for determining boiling points. It is difficult, in fact, 
possible field of applioatian of the spectroscope which is not 
except the one in which the instrmnent is probabjy used ^ 

than in all the othacs taken tt^theiv-^iamely, 






164 


SCIENCE PROGRESS 


The history of spectroscopy is a fasciaating one. The subject began as 
a branch of chemical analysis, but the apparent capriciousness of the behaviour 
of spectra soon led chemists to distrust the method and it was retained almost 
exclusively by the astronomer, for whom no other means of studying astro- 
chemistry was available. With the advent of a tenable theory of spectrum 
emission in 1913, the spectroscope began to dominate physics, and for a 
decade or so it provided by far the most vital data for the investigation of 
atomic structure. The knowledge thus gained showed how the pitfalls into 
which earlier spectroscopists had fallen could be avoided, and the greater 
conJ&dence thereby acquired, coupled with improvements in instrument tech¬ 
nique called forth by the physical investigations, virtually created a new and 
most powerful method of research applicable to almost every science. The 
volume under review gives a good in^cation of the rapidity with which this 
method has been taken up. 

As would be expected with such a compilation, the value and interest of 
the contributions are non-uniform, but the publication of the papers is much 
to be commended, and it is to be hoped that the proceedings at other confer¬ 
ences will also be made generally available. If so, it would be worth con¬ 
sidering whether a little more detail might not be given of the various tech¬ 
niques, and it would be particularly desirable that the illustrations, of which 
there are many, should be made clearer. It is the exception rather than the 
rule for a reproduced photograph to show anything of interest, and this 
seriously detracts from the value of a work which might be studied with 
great profit by workers in almost every branch of experimental science. 

H. D. 

A Textbook of Electricity. By H. G. Mitchell, M.A., B.Sc. [Pp. 
xvi -f 525, with frontispiece and 357 figures.] (London: Methuen 
& Co., Ltd., 1938. 10s.) 

The book has an attractive form and, as the Author states, covers the ground 
for the Higher School, Intermediate and University Scholarship examinations. 
It is quite up to date, in fact neutroirs, positrons, cosmic rays and induced 
radioactivity are all briefly described. 

It is a common practice nowadays to begin a book with electrons and after 
a short account of them to pass to the ordinary classical treatment. This 
sometimes leads to inconsistencies, and a young student must be rather con¬ 
fused to read on p. 6 that “ We must regard metals ... as consisting of a 
rigid framework of positively charged atoms through which the free 
negatively charged electrons are distributed.’’ And on p. 14 “ the positive 
charge redistributes itself, . . 

The expresaon **negatively charged electron” occurs frequently and 
seems to imply that the electron and the charge are two different things. 
On p. 461 the dual meaning of the term electron ” is explicitly stated, while 
on p. 504 it is called the elementary particle of electricity. 

Copous examples are added to each chapter so that the student has ample 
practice. The genial theoretical treatment and the description of experi- 
m^tal methods are well above the ordmary Intermediate standard. 

S. G. S. 
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A Manual of Radioactivity. By George Hevesy and F. A. Pai^eth. 
Translated by Robert W. Lawson. Second edition. [Pp. xvi + 306, 
with 54 figures, including 5 plates.] (London: Oxford University 
Press, 1938. 17^. 6d. net.) 

By means of an increase of more than 20 per cent, in the number of pages 
and of about 10 per cent, in the amotmt of letterpress on each page, the 
authors of A Manual of Radioactivity have been able to bring the present 
English edition of their well-known text-book again reasonably abreast of the 
times. Naturally, only the broad outlines of new developments have been 
given, but such is their treatment of the older portions of the subject, also. 
At no point does the treatment descend to great detail. All this is as it should 
be—and, as a general review of the whole science, “ Hevesy and Paneth ” 
will certainly retain a wide circle of readers. 

In spite of all this, however, it seenos equally clear to the present reviewer 
that the latest revision would have been even more satisfactory than it is, if 
it had been effected in a single stage rather than in two instalments. The 
first English edition was published in 1926, based on a German text of 1923. 
Then a new German edition was prepared in 1931—^and the present English 
version followed after seven years. It is very unfortunate that the last 
German edition appeared just on the eve of a period of most rapid advance in 
the domain of the physics of the nucleus. These seven years have seen such 
widespread changes in experimental methods and in the theoretical back¬ 
ground of the nuclear physicist that writings of an earlier period frequently 
stand in great need of complete recasting if they are to retain their value. 
In the book under review, whilst much has been added, there is evidence that 
a more drastic revision in parts was called for. Too often does one find a 
generalisation in one of the older passages negatived in a particular instance 
quoted in the most recent additions (or rendered out-of-date by other results 
not quoted)—^and the additions in question, although they include a satis¬ 
factory review of the types of experimental data now being obtained, do not 
supplement the earlier descriptions of experimental methods sufficiently. 
One is left almost with the suspicion that the electroscope and the scintillation 
screen are stm the most frequently used tools in radioactive research. 

A few examples of unhappy translation remain over from the first edition 
(such as “ eventual ” for “ possible ” in a number of places), and one “ purple 
passage ” in particular makes its appearance in the new matter (p. 108): 
“ Charged particles, rich in energy, are able to break through this barrier and 
effect a transmutation of the atomic nucleus, but the harvest is in general a 
very modest one.” Whether this is a case of conscious rhetoric or of an all 
too Hteral rendering of the original, the present reviewer is unable to ascertain. 

A high degree of subdivision leads to repetitiveness in some of the chapters 
and to a surfeit of cross-references, not all of which are very helpful, but the 
tabulation of data is in general admirably carried out. The sections on 
radiochemistry and on the geological implications of the subject are especially 
deserving of praise. N. F. 

Engineering Electronics. By D. G. Fine. [Pp. xiv -f 368, with 217 
figures.] (New York and London: McGraw-Hill Publishing 
Ltd., 1938. 2l5.net.) 

The rapid advance in the applicati<m of electronic devices to 
problems has opened up a wide field requku^ speeisd 
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book an attempt is made to assist those who, without much knowledge of the 
subieot, are called upon to deal with such problems in industrial work. With 
this object in view the author rightly confines attention to essential principles, 
a selection of illustrative applications, their capabilities and limit^ions. At 
the end of each chapter numerical examples are employed to fai]3&iarise the 
reader with the sizes of the quantities involved. The treatment is at once 
simple and effective as an introduction to a more thorough study of the subject. 
It is inevitable in a book of this kind that the more earnest student will find 
many gaps and a certain looseness in some of the statements made. This is 
particularly noticeable in Parts I and II, dealing with electron tubes and the 
physical principles on which their operation depends. As a companion 
volume to Part HE, where applications are discussed, the reader may usefully 
refer to Industrial Electronics byGuIliksen& Vedder (John Wiley & Sons, New 
York; Chapman & Hall, Ltd., London). 

H. M. Bablow. 

Hadio^Frequency Blectrical Measurements : A Guide for Radio 
Engineering Laboratory Instruction. By Hugh A. Bkowh, 
M.S., E.E. Second edition. [Pp. xvi 4- 384, with 177 figures.] 
(New York and London: McGraw-Hill Publishing Co., Ltd., 1938. 
24^. net.) 

The general plan and size of this book are much the same as the 1931 edition, 
with the addition of new material and the excision of old. Precise instruc¬ 
tions €tre given for the carrying out of many important radio-frequency 
measurements. Just sufficient theory is included to enable the student who 
has some knowledge of alternating current theory to imderstand the principles 
imderlying each method. There are mferences to books cont ain i ng detailed 
theory and to original papers. In some cases the reader is referred to the 
first edition of this book for material omitted from the second. 

Besides the usual measurements of circuit constants, E.M.F., current, 
power and firequency, instructions are given for experiments on aerials, the 
measurement of field strength, valve characteristics, wave-form, radio 
receivers, and piezo-electric crystals. The instructions are lucid and full and 
probable errors are considered. The inclusion of typical results from actual 
measurements would help in some cases. However, the book is already an 
excellent guide for the laboratory, and very iiseful for reference. 

P. A. V. 

Costs and TariBs in Electricity Supply. By D. J. Boltoit, M.Sc., 
MJ.E.E. [Pp. xii -f 214, with firontispiece and 49 figures.] (London ; 

' Chapman & Hall, Ltd., 1938. 12a. 6d. net.) 

This is an excellent and timely book. There is among the 600 Electricity 
Supply Undertakers in Great Britain a vast medley of tariffs. A 

single supply authority may quote several different ones for the same service. 
There are flat-rate and block-rate, two-part and all-in tariffs with innumerable 
sub-variants. The m^^sure of one part of the charge may be ma^mum 
demand, number of rooms in a house, rateable value, floor-space, nximber of 
wMng points. ^ Maximum demand again may be defined in a variety of ways. 
Penalty and bonus clauses, adjustment clauses, special charges are soattemd 
ahKmg aU the varieties and sub-varieties of tariff in great profusion. So 
ntfmy different ways of charging for one commodity cannot all be sound, and 
miost are, indeed, thoroughly unsound. But supply engineers can hardly be 
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expected to do better. They have looked for guidance in vain. Most of the 
books and numerous papers published on tarijff-making in the past have been 
more misleading than helpful. Some of these adopt the point of view of the 
salesman, others that of the accountant, others, again, that of the pure 
theorist. Each purveys that little knowledge which is a dangerous thing so 
that the supply engineer has done better in the past to trust his instinct than 
the written word. Mr. Bolton’s great merit is that he appreciates all points 
of view and has thus provided the first and only sound guide we know for 
those faced with the practical task of creating order out of chaos. 

The first two chapters show the relation between elasticity of demand and 
the best selling price, and it is proved that reductions in heating rate are 
commercially soimder and more in the public interest than reductions in 
lighting rate. Good reasons are given why kW charges should be lower and 
unit charges higher than superficial theory would imply. The mathematical 
treatment of the connection between price and profits as a function of elas¬ 
ticity of demand is valuable if only because it helps to clarify thought, and it 
is probably new to most electrical engineers. It is, however, unfortimate that 
the mathematical treatment in the first two chapters is liable to land the 
student in difficulties who attempts to go deeper into the subject. And this 
is, we suspect, due to a lack of appreciation of the properties of the hyperbolae 
of which elasticity curves are constructed. Some of the author’s statements 
and formulae hold only if the demand curve is tangential to the Y-axis, others 
only if this curve cuts the Y-axis. It would, moreover, never be guessed 
from reading the book that the incremental value curve and the demand curve 
must always meet on the Y-axis, nor is the point clearly defined at which it 
pays to increase rather than to reduce the price. 

A thorough analysis of production costs is admirably presented, thoij^h the 
author has failed to appreciate the assumption on which the Electricity Com¬ 
missioner’s allocation of coal and other works costs between a fixed and a 
running component is based. This assumption is that when, for instance, coal 
is plotted against load-factor, the Willans line for any station cuts the X-axis 
at a negative load-factor of 7*8 per cent. The author’s analysis is followed 
by some rather revolutionary views on diversity, which are, however, backed 
by sound argument. The author has some interesting things to say on 
tariff-making as it is and as it should be, and goes thoroughly into the cost of 
low power-factor and ways of charging for it. We should have liked him, 
however, to have said more about the important effect of power-factor on the 
regulation of transmission systems. 

The writing is throughout clear and readable, even entertaining, and the 
diagrams are well selected, so as to maintain in the reader a proper sense of 
proportion. 

B. O. K. 


Problems in Blectrical Engineering (with answers). By S. 
Pabkeb Smith, D.Sc., MJ.E.E,, A.M.Inst.C.E. Third edrriun. 
[Pp. xxiv -{- 267.1 {London : Constable & Co., Ltd., 1038. 6«. Eiet.l 


This is a third and enlarged edition of a book of numerical prebiencp 
has already proved of great value alike to teachers and stud^ts of 
engin^ring. In the new volume^ just published^^ a considewsil^ i 
of scope has been made and a number ;of % 

mumoations have been incliKbd. The pri)blems^^ve 
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under inam headings and detailed sub-headings with a view to simplifying 
reference to particular subjects. Whether the author has in fact achieved a 
better system of reference is open to doubt. The new arrangement has 
involved scattering problems of a similar kind throughout the book. Thus 
problems No. 41 and No. 802 are practically identical, yet they appear one at 
the beginning and the other towards the end of the collection. In the 
reviewer’s opinion it would have been preferable to retain the original system 
of classification. Errors still persist in some of the answers given, as for 
example in problem No. 41 referred to above. Such deficiencies are com¬ 
paratively rare and do not substantially detract from the general merit of 
this exceedingly useful book. 

H. M. Bablow, 

A Text Book of Applied Hydraulics. By H. Addison, M.Sc., 
A.M.Inst,C.E. Second edition. [Pp. xii -f 435, with 337 figures, 
including 25 plates.] (London: Chapman & Hall, Ltd., 1938. 
21^. net.) 

The science of hydraulics dates from very early times, one of the first works 
on record being that of Frontinus, dealing with the water supply of Rome. 
For many generations the progress was small, imtil the seventeenth century, 
when Galileo published a book on hydrostatics. From that date hydraulics 
has attracted the attention of an ever-increasing number of scientists. 

It is natural that this development should take place along a number of 
lines, and the title hydraulics has now become Mmited to signify the study of 
the flow of water from the point of view of the engineer. Even the develop¬ 
ment of this one branch has been most marked during the last three decades. 
Before the Great Wslt, many texts could be regarded as little but a collection 
of empirical formulae. More recently there has been a tendency to treat the 
subject fipom a mathematical standpoint. 

The text under review attacks the problem from another angle. The 
author evidently realises that in writing a book for students, mathematical 
formuke are of little value if the student does not imderstand where these 
formula can be applied. The author is to be congratulated on the way in 
which he has dealt with this matter. The reader feels at once that he visualises 
the problem in hand. That a second edition should be required within four 
years of the first is clear proof of the value of the text, which is up to date 
and presented in a lucid and simple style. 

The book is not intended to cover the syllabus for any particular examina¬ 
tion, and it is natural that, written by a Ptofessor in Egypt, it shoiild have a 
bias towards the subjects of irrigation, water supply and the use rather than 
the design of turbines and pumps. Within this scope, the book can be recom¬ 
mend^ not only to students, but also to specialists, as an introduction to more 

detailed works, _ _ _ 

15. JLf.-lL. 

Airplane Structures. Vols. I and 11. By Aufbed S, Niles, A.B., S.B,, 
and JosEira: S. Newell, S.B. Second edition. [Vol. I: pp. xvi -f- 
45L with 184 figures; Vol. II: pp. viii + 177, with 60 figures.] 
(New York: John Wiley & Sons, Inc.; London : Chapman <fc Hall, 
Ltd,, 1938. Yol. I, 25s. net; Vol. H,' 13s. 6d. net.) 

The last few years have seen what may fairly be called a revolution m aero- 
pkme design ; they have seen a transition in the majority of designs from the 
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framed structure of a type familiar in other branches of engineering to the 
“ stressed skin ” structure. 

Familiar methods of stress analysis have imdergone rapid extension to 
cover the new type of structure with its relatively thin skin, and accounts of 
these new extensions of theory are to be found in the great numbers of tech¬ 
nical reports of government departments and articles in the technical journals. 
The importance to the English aeronautical engineer of this new edition of 
Niles & Newell’s Airplane Structures lies in the fact that it is the only text¬ 
book in the English language where much of this recent work can be found. 

The book is laid out primarily for the student, and many examples are 
given, but the clarity of exposition will be welcomed by student and practising 
“ stress man ” alike. 

The general field is well covered. It is interesting to note the importance 
the authors attach to the use of influence lines, a method of attack little used 
in aeronautical stress work in this coimtry. 

When dealing with continuous beams the theorem of three moments often 
tends to become unmanageable, and an excellent account is given of the Cross 
method of moment distribution. 

The Wagner tension field theory is well set out, and adequate comment is 
made upon some of its present limitations, such as its pessimism in the estima¬ 
tion of stresses set up in the booms by the lateral loading due to the transverse 
component of the web tension. 

It is doubtful whether there will be in this coimtry much agreement with 
the authors’ view that stresses in laterally loaded struts, or “ b^m-columns ” 
as they aptly style them, are better dealt with analytically than with the aid 
of thp Howard polar diagram. They describe Limdquist’s method of dealing 
with the “ beam-column ” problem based on the Cross method, and the whole 
field of statically indeter m inate structures is presented in an easily under¬ 
standable form. 

Although a considerable portion of the book has a direct application to 
American conditions of stressing, it can be thoroughly recommended to all 
in this country who are concerned with the strength of aeroplanes. 

G. T. B. H. 

Motion Picture Sound Engineering. The Besearch Council of the 
Academy of Motion Picture Arts and Sciences, Hollywood, California, 
[Pp. XX -f- 547, with 372 figures and 35 charts.] (New York : D. van 
Nostrand Co., Inc,; London ; Chapman & Hall, Ltd., 1938. 305, net.) 

This book, which is sponsored by the Besearch Council of the American 
Academy of Motion Picture Arts and Sciences, is based on a series of lectures 
given by specialists in the field of sound engineering and includes some of 
the most recent developments in the technique of sound recording and 
reproduction. The presentation is commendable for its simple, direct style, 
unencumbered by abstruse mathematical arguments. Practical applications 
of scientific researches undertaken by members of the Council and others 
are given special prominence and the results obtainable under operating 
conditions are of particular interest. The volume is divided into two parts, 
the first of which contains the real substance of the publication. The reader 
is introduced in turn and made conversant with film recording, noise red^-^ 
tion, re-recording, microphones and receivers, film drive, proeessIngT^iEid 
reproducing systems, sound circuits, phase distortion, general network theeiy 
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with applications to attenuation equalisers, wave-filters and impedance 
matching, thermionic valves, amplifier circuits, rectifiers and volume indi¬ 
cators. Part 2, white quite admirable in itself, is merely another elementary 
treatise on applied electricity and magnetism. It is difficult to understand 
why this been included, as the reader must surely have sufficient know¬ 
ledge of such primary considerations. The main part of the work is a 
noteworthy achievement of which the authors may be justly proud. 

H. M. Bablow. 

Engineering Science. Vol. II: Heat and Heat Engines and 
Electrotechnics. By H. B. Beown, B.Sc. (Eng.), Wh. Ex., 
A.M J.Mech.E., and A. J. Bbyaot, B.Sc. (Eng.), A.M.I.Mech.E. [Pp. 
X 4- 450, with 198 figures]. (London : Macmillan & Co., Ltd., 1938. 
6 ^.) 

This is the second of two volumes intended to cover the first one or two 
years of Engineering Science at a Technical College, About 100 pages are 
devoted to heat, 180 to heat engines, 100 to-electricity and magnetism, and 
the rest to general examples, etc. The weakest part of the book is that on 
simple measurements in heat, where the precautions taken in experiments 
are very inadequately treated. In Fig. 7 we meet our old enemy the “ steam 
trap/* The section on electricity is moderately good, though it is disconcert¬ 
ing to find on p. 378 that in a cathode ray oscillograph electrons are emitted 
from a heated anode and pass through a small hole in a cathode maintained 
at a high negative potential! 

The authors seem much more at home in the section on heat engines, 
smd have provided a clear and up-to-date introduction to the subject. An 
excellent feature, which will be welcomed by teacher and student alike, is 
the large number of worked and unworked examples (with answers). 

F. A. V, 

CHEMISTRY 

Modem Aspects o£ Inorganic Chemistry. ByH.tl EMHt4:tt7S,D.8c., 

. A.R.C.S., and J. S. Anberson, Ph.D., A.R.C.S. [Pp. xii -f 636, with 
63 figures.] (London: George Routledge & Sons, Ltd., 1938. 25a, 
net.) 

Some years ago an eminent chemist on an important occasion raised the 
question—What has become of inorganic chemistry ? ’’ The reply was 
that inorganio chemistry was a progressive and rapidly growing section of 
our science which offered unlimited opportunities for the application of new 
experimental methods and the exploration of little-known fields. The justice 
of this reply and its truth, especially to-day, is amply confirmed by a perusal 
of this book by EmeMus and Anderson, which reviews critically the present 
pc^iMon of inoxganic chemistiy in the light of progress made during the last 
twmty years. Here are dealt with the remarkable advances which have 
be^ made in our knowledge of the structure of matter, their bearing 
on the subject of valency and their relation to mesomerism or resonance. 
The uses of X-rays and electron diffiraotion, dipole moments and magnetic 
sas<^ptibilities in Solving difficult problenas in inorganic chemistry are lucidly 
.explained, and topics of major inter^t such as the polyacids, the silicates, 
peracids, carbonyls and nitrosyls receive full discussion. The co-ordin- 
aticm theory, Werner’s great edifice which has become a unifying principle 
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throughout inorganic chemistry, is clearly stated and applied in a masterly 
chapter which also contains an account of the recent important advances in 
inorganic stereochemistry. The epoch-making discovery and isolation of 
deuterium and its compoimds is unfolded in a section which includes a dis¬ 
cussion on the hydrides of the metals and non-metals. In two very interesting 
chapters are detailed some of the important extensions which have been 
made to the fundamental chemistry of metals and non-metals by the utilisation 
of improved appliances and new experimental technique. Other chapters 
deal with major topics of absorbing interest. It will be seen that the authors 
have placed at the disposal of chemists an impressive survey of modern aspects 
of inorganic chemistry in which they have not shirked the difficulties which 
the physico-chemical considerations present. For this they deserve the 
warmest thanks of chemists. The book is admirably produced and should 
make a wide appeal. 

Chemical Reactions Involving Solids. A General Discussion 
held hy The Faraday Society, April 1938. [Pp. 265, with 3 
plates and numerous figures.] (London : Gurney & Jackson, for the 
Society, 1938. 12s. 6d. net.) 

Again the Faraday Society has held a discussion at an opportune occasion. 
Reactions in solids are not as yet a very attractive field for investigators. 
The data and their manifold interpretations are widely scattered in the litera¬ 
ture and it is difficult for anyone to discover what is the present position of 
the subject. This volume remedies the matter. As is usual the first part of 
the discussion deals with theory. Papers by Mott and by Slater give a general 
account of the relevant aspects of the modem theory of solids. These are 
followed by a number of papers dealing with the information given by the 
measurement of electrical conductivity of solids (excluding metals). Related 
to this section are papers on elementary photo processes in solids. A nmnber 
of papers on the theory of the photographic plate are also included here. Of 
more purely chemical interest are the papers on the decomposition of detonat- 
.ing substances, dehydration of hydrates and the Hke. The third section on 
the reactions of gases and liquids with solid carbon stands apart from the 
remainder of the discussion and is less co-ordinated as a whole. 

The bulk of the discussion is somewhat smaller than is usual owing to the 
Society’s discriimnation in selecting its authors more carefully than in the past. 
This makes for a more relevant, but not necessarily more interesting, dis¬ 
cussion. E[. W. MELvmc^E. 

General Chemistry. By Eugene P. Schoch and Wuxiam A. Feibing. 
Ihtemational Chemical Series. [Pp. x -f 624, with 74 figures.] 
(London; McGraw-Hill Publishing Co., Ltd., 1938. 18s. net.) 

This book, which fully justifies its title, is an elaboration of the text used for 
many years past by elementary students in the University of Texas, and 
covers a very wide field, chapters on theoretical, descriptive, physical, ana¬ 
lytical, organic and electro - chemistry and practical exercises all being included. 
The authors have not written the book from an encyclopsedio point of view 
and recognise that some teachers may complain of the scarcily of dictionary¬ 
like information. It is certainly not a book to turn to if one wishes to " look 
something up.’’’ The authors’ plan is to divide reactions into (1) those 
involving no valency change and (2) oxidation-ireduction reactions. Upon 
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the first are built the ideas of solubility, ionisation and activity of electrolytes, 
upon the second, the relations between the B.M.F. of half-cells, etc. Although 
many chapters are excellent, the book suffers feom the disadvantage of being 
based on a specifi.c curriculum and the facilities of a particular laboratory, 
e.gr. arsenic, antimony, tin and cobalt have been omitted ffom an otherwise 
quite normal section on qualitative analysis, and there is no mention of either 
Rutherford or Bohr in the chapter on Atomic Structure. The presentation 
of the subject matter is clear and concise and the text shows no sign of the book 
being a first edition. 

J. N. S. 

An Introduction to Chemistry. By John Abhend Timm. Third edi¬ 
tion. [Pp. XX -f 568, with 162 figures.] (New York and London ; 
McGraw-Hill Publishing Co., Ltd., 1938. 21s. net.) 

Elemen taby text-books of American origin generally make stimulating 
re ad i ng , and this volume in the “ International Chemical Series is no excep¬ 
tion. It has a friendly air of informality, is up to date, and is moulded on a 
sound plan which “ emphasises the philosophy of the science and bases the 
order of pr^entation of its subject matter on a logical development of the 
fundamental theories of chemistry.” The author regards descriptive and 
analytical emphasis as unsuitable in a cultural course, and believes that courses 
based on the wonders of chemistry have much the same reaction on the 
student as a five-pound box of candy consumed not wisely but all too well.” 
History and anecdote are frequently used to provoke interest, and the arrange- 
mant while placing wave-mechanics before the composition of water, widely 
separating nitrogen, nitrogen compounds, and loitrogen fixation, and in 
g^erai preventing the use of the book either for CFamming or for reference— 
Ml admirably suit^ to the needs of th<Me who wish to familiarise themselves 
with the spirit and methods of modem chemistry. Gne does not turn over 
many pages without coining across a statement or an illustration that arrests 
sKttention. A few split mfinitives and mis-spellings such as sparffT/rtsts, 
hydrt^fyrum^ and sy^ine are perhaps excusable (although less so in a third 
edition than m a first), and one still likes a verb to agree with its subject, but 
a little more care in pimctuation would have avoided such a statement as 
“there exist electromagnetic wav^ longer than the red light of greatest 
wave-length, visible to our eyes, and shorter than the shortest-waved, violet 
light.^* However, one must not allow petty annoyances to mar one’s appre¬ 
ciation of a book into which many real students will dive as readily and as 
deeply as Prof. Compton’s brother “ dove ” into the lake on p. 322. 

A. A. E. 

A Higlier ScRool Certifrcate Inorganic Chemistry. By G. H. J. 
Adlak, 0*B.E., M.A,, B.Sc., and Lssi^te Slateb Pbioe, M.A., B.Sc., 
A.I.C. [Pp. viii -i- 624, with 87 figures.] (London ; John Murrav, 
1938. 8a. fid.) 

Tbjb book m intended for candidates for the Higher School Certificate Exam- 
mations, S^te Scholarships and the External Intermediate Examination. 
Some previous knowledge of the subject (School Certificate standard) is 
ass^^ the book does not begin at the very beginning, and an “ upper 
liimt ” has ^so been impend, the rarer elements (even gold and platinum) 
being omitted. Within these limits the authors have produced a really 
excellent work. ^ 
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It is divided into three parts, (i) Chemical Theory {pp. 157), (ii) Descriptive 
Chemistry (pp. 425) and (iii) Atomic Structure and Valency (pp. 31). In 
Part 1 Chemical Theory and some eie^nentary Physical Chemistry are pre¬ 
sented in a clear and logical fashion. Only-two minor points suggested them¬ 
selves on reading this section. It is not immediately obvious from the state¬ 
ment of Henry’s law (p. 9) that the volume of diinlved gas is independent of 
the pressure, and the further reference to this under the Phase Rule (p. 94) 
comes much later in the course ; and secondly, the discu^ion of the common 
ion effect (pp. 132-3) and its application to qualitative ah^ysis is somewhat 
condensed for a first heading. 

In Part 2 the prox>erties of the common elements are described. Hydrogen 
comes first, then the inert gases and afterwards the groups ih^the Periodic 
Classification are dealt with as a whole and in order, and no distinction is 
made between metals and non-metals. This method, though tmusual, has 
much in its favour and the importance of the Periodic System as a basis of 
teaching is enhanced. Part 3, although short, is adequate and -contains all 
that is necessary for a student at this stage. 

J. N. S. 

The Elements of Ferrous Metallurgy. By J, L. Rosbnholtz, Ph.D., 
and J. F. QesteiOjE, Ph.D. Second edition. [Pp. viii + 258, with 
140 figures.] (New York; John Wiley & Sons, Inc.; London : 
Chapman & Hall, Ltd., 1938. 15^. net.) 

This is the second edition of a work originally prepared by Dr. Rosenholtz 
^in 1930. Its object is to present an elementary treatment of the subject 
unencumbered by minute detail, primarily for the use of engineering students, 
but at the same time forming an introduction to the subject for metallurgical 
•students. In these objects the book should be a success, for it deals with the 
subject in a suitable manner to give to engineering students a correct idea of 
the importance of the ferrous metals and alloys on which they depend so much 
for the success and endurance of their plant and structures. 

The subject is dealt with from the occurrence of iron ores in the earth’s 
crust, through the smelting of these in blast furnaces to the convemion of the 
iron produced into steel by the Bessemer, the open-hearth and the electric 
furnace methods together with the manufacture of wrought iron by the 
puddling and Aston processes, the cementation process and the production of 
crucible steel. 

Approximately one-half of the book is devoted to these methods of pro¬ 
ducing iron and steel, the other half bemg devoted to a descr^tion and ex¬ 
planation of the iron-carbon system, the mechanical and heat treatment of 
steel and the composition, properties and uses of aUoy steels. 

The book is well illustrated with figures, diagrams, €uid photomicrograpfe 
and where necessary the chemical reactions taking |daoe are explained simply 
and clearly. In the portion dealing with the smelting and manufacture, a 
very good account is given of the laige-scale practice for the production of 
the large quantities of ferrous metals required annually and the portion dealh^ 
with the mechanical and heat treatment of the products ^ves a aoompai 
of the principles involved and both portions ^uid prove most useM 
•eiDgineering-students. ■ , - ■ - ■ ' , - , 
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A Manual of Foundry Practice. By J. Laing, A.M.LBrit.F., and 
R. T. Roups, FJ.C., MJ. & S.Inst., M.Inst-Met. Second edition. 
[Pp. viii 4- 312, with 162 figures, including 47 plates.] (London: 
Chapman Hall, Ltd., 1938, 18^. net.) 

To write a book on Foundry Practice, is, to say the least, a difficult task. To 
write one which deals adequately with the fundamental metallurgical know¬ 
ledge and at the same time enlightens the uninitiated in the diversity and 
magnitude of actual foundry practice is a tremendous task. In this book 
both are dcme admirably. 

By a careful perusal of its pages the practical man will find a solution to 
many of his problems ; at the same time gaining a command of those funda¬ 
mental principles of metallurgy which will enable him to approach his future 
problems fi:om a more scientific angle. The metallurgist should certainly not 
TTiTRst such, an opportimity for obtai n ing first-hand knowledge and suggestions 
on actual foundry proc^ure. 

In the reviewer’s opinion the greatest value of this book is to the student. 
He gets an insight into practically every subject of foundry practice from 
sand-testmg to actual moulding practice- The examples dealing with this 
latter branch are obviously chosen with considered care and much forethought. 
This applies particularly to the chapter on “ Loam Moulding,” which in itself 
makes the acquisition of the book to the student almost imperative. 

It is a great pity that the authors have not more space at their disposal. 
Perhaps they could then indicate a conclusive line of thought on such con¬ 
troversial subjects as the “ effect of non-metallic inclusions on graphite size,” 
etc. Perhaps too they could state in the non-ferrous, section why the con- 
metals of a non-ferrous alloy are added in the order stated. To take 
a concrete example; why, in making gun-metal, is tin added before zinc ? 
Ihebreticaliy, either of the two latter meteds can deoxidise copper. Zinc 
OTide m volatifo and therefore more readily removed than tin oxide, which, 
OX3&& m very persistent. Further, the result of deoxidation of copper 

by zinc oir Ian will result in a metallic loss which is far less expensive 

m the case oi zinc than of tin. 

H. T. P. 

Chemical KineMcs. By Fabbingtok DaoteHiS. The George Fisher 
Baker Lectureship in Chemistry at Comell University. [Pp. viii 4- 
273, with 41 figures.] (Ithaca, Hew York: Comell University Press ; 
htsodon : Humphrey 1938. 16a. net.) 

Books on chemical kinetics are usu^y written to give an account of some 
pear^sular abject of the subject as seen by the author or according to a scheme 
^s^bieh is now ffuily j^Il standardised in view of the divisions into which this 
hreystch of physical <matnistry has been divided. The present volume breaks 
away firosn all these schemes, for it is not only the prerogative but the duty of 
the Geozge Baker Lecturer to describe his own work and opinions on 

the subject. Tbt© interesihig and informative sidelights are thrown on the 
field, usually be innitted in the more formal text. Prof, Farring- 

ton I^aciiels has adhered to the tradition with the result that a number of 
si^€)cted are ded^t with in a comprehensive manner. The first chapter 
gjvEss a general introduction to the whole book so that the non-specialist may 
appreciate what is to follow. Then comes a detailed accormt of a 
^BgsxAJis reacMcm—the thermal decomposition of nitrogen pentoxide—^with a 
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full description of experimental methods. The relationship between gaseous 
and liquid phase reactions is next discussed with the nitrogen pentoxide 
decomposition as a prominent example. Photochemistry gets a large share of 
the text, again with full experimental methods. Discussion is not, however, 
confined to gas. reactions, the formation of Vitamin D and photosynthesis by 
chlorophyll being fully considered. Electrical activation, the relationship of 
infra-r^ spectroscopy to kinetics, the calculation of activation energies and 
isotopic indicators all come within review. An extensive field is therefore 
covered in a manner which cannot fail to be stimulating to specialist and 
non-speoiaiist alike. ^ msuvims. 

Reaction Kinetics. A General Discussion Reid by Tbe Faraday 
Society, September 1937. [Pp. 268, with numerous figures.} 
(London: Gurney & Jackson, for the Society, 1938. 12s. 6d. net.) 

The title for this discussion is to some extent a misnomer, for the topics 
dealt with only include a very small section of chemical kinetics. With such 
a wide field at its disposal the Society had of course to delimit the boundaries 
rather carefully. The most important section is the first dealing with theoreti- 
cal methods of tilting reaction velocity. The transition state method is well 
to the fore and the papers on it give a good r6sum4 of its present stage of 
development. Criticism of the shortcomings of the theory, also presented at 
the meeting, give the whole that balanced outlook which is so necessary at the 
present jimeture. This, in fact, was one of the main objects of the meeting. 
The remainder of the discussion is devoted to reactions in solution with the 
intention of jHoviding experimental evidence in support of the foregoing 
theory. There is however not much connection between the two, so that 
section 2 may be read and understood without having to digest section 1. 
The papers deal with a variety of topics, such as diene synthesis effect of high 
hydrostatic pressure on reaction rate, dipole moments and reactions velocity, 
ionisation of C—^Hal bonds and proton transfer and ion reactions. 

H. W. llfeLvUiiiE. 


inorganic Colloid Chemistry. Vol. III. The Colloidal Salts. 

By H. B. Wbiser. [Pp. viii 4* 473, with 74 figures.] (New York; 

John Wiley & Sons, Inc.; London: Chapman & Hall, Ltd., 1938. 

30ff. net.) 

WiTHiy the confines of the term colloid chemistry may be included a multitude 
of phenomena. This book is no exception. It forms tbe third volmne of 
a Treatise on Inorganic Colloid Chemistry and although its modest sub-title 
is The Colloidal Salts there is much of interest in it for physical chemists 
besides the more formal colloidal part which is natTirally predominant. 
Nearly every inorganic sol is mentioned together with method of preparation 
and properties. As such the clearly written ctccount of these sols will prove of 
great assistance to those working in this or in neighbouring fields. The 
general reader will, however, be more interested in finding what contribution ■ 
colloid chemistry has made to ma ny of the more familiar phenomena bf 
©hemistry. His need is adequately met. Prof. Weiser has contrived to 
inhxxiuce into this necessarily formal text thorough and impartial disciiesion^ 

I on the formation of precipitates of barium sulphate, ttte sfiver^I^ 
photography (tnd adsorption indicators. The famous ' 

gets its due share of space, and evm lithopone and allied pigm^ts Its 
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Prussian Blue find a place. The vexed question of the mode of action of 
semipermeable membranes comes up for discussion in the section on copper 
ferrocyanide, while the last part of the book becomes very practical in dealing 
with silicate gels, inorganic soil colloids and cement. 

One great advantage of the book is that not only is it complete in itself, 
but each chapter and even each section is sufficiently self-contained so that it 
may be read without having to consult the remainder of the text. With such 
a volume of literature at his disposal, Prof. Weiser is to be congratulated in 
providing an interesting and informative account of this branch of colloid 
chemistry. 

H. W. MelviliiE. 

The Blemeuts of Physical Chemistry. By F. W. Goddabd, 1VE.A., 
F.C.S., and E, J. F. James, M.A., D.Phil. [Pp. viii -f 251, with 67 
figures.] (London: Longmans, Green & Co., 1938. 6s.) 

PhvsioaIi chemistry is the foundation of a true study of inorganic or organic 
chemistry, since it embraces the principles which underlie chemical reaction. 
It is, therefore, of the highest importance that post-matriculation students in 
schools should have a sound knowledge of this branch of chemistry, a fact 
which is recognised by teachers and examiners* This little book is intended 
for students who have passed the matriculation stage and are preparing for 
Higher School Certificate and University Scholarships. It claims to deal only 
with the elements of the subject, but the term “ elements ” is rather elastic, 
and it is convenient to grade the book as regards subject-matter according to 
examination syllabuses. The book covers adequately the work required for 
Hi^er School Certificate, but candidates for University Scholarships would 
be advised to supplement it with the reading of larger texts and original 
papers, as is indeed sug^sted by the authors in their preface. The subject- 
matt^ is presmied logically, accurately, and concisely, and the book has been 
widtten in a readable style, so far as this is possible when the work has been 
coii^ksised into simh a small Compass. No student should find any difficulty 
with die mathematlos involved. A u^ful part of the book is the collection 
^ quesMoas^ &om various examination papers which is included. Answers 
are provided to tbs numerical examples. a t iwr 

jlx* V • jyLv 

Teastbook ol Organic Choimstry By G. H. Richter. [Pp, viii 712.] 
{New York: John Wiley & Sons, Inc.; London; Chapman Hall, 
Ltd., 19a8. 2(fer, iKt.) 

Author says in the preface that “ the electron theory of valence has not 
unduly emphasased, not that it is unimportant, but rather that it is best 
a^ipted to a inore advanced exposition,” This perhaps makes one expect 
to find the bbc^ to as did the books of yore, of a list of preparations. 

But Hus m not so. Ibe Author has a surprising facility in Tn 5 i.T^ngr even the 
dW of al^halio chemistiy interesting and I believe the book will be a 
bcosa to tlmse students who have to leam their organic chemistry as “ Exter¬ 
nal ” students {in the London Uniyerrity sense of the word) and to those who 
'msh to baro in revising their lecture notes. The book would provide an 

OdEseHent ** re&esher course for worirs cheroists- 

Jt ^ made clear ^Dtrougimut the book that organic chemistry can be applied 
^ of drugs, dyes, perfumes and explosives, but the applica- 

twiB a*e not allowed to ^ii the main story. The numerous derivations of 
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chemical names and the notes on the occurrence of organic compoimds add 
interest to the book. The style is clear and the English very readable, except 
in a few instances : for example, it is unpleasant to find on page 191 that 
ethylene dibromide is converted into the diacetate “ by reacting it with 
potassium acetate.” The book contains large nmnbers of nsefol tables of 
melting and boiling points, density and so on. Reaction kinetics are pre¬ 
sented in an attractive way. The cracking of petroleum, rubber substitutes, 
the Griguard reagent are treated with considerable skill. 

There are some mistakes, but not many. The most obvious one is the 
omission of a benzene nucleus in the formula for acriflavine. Another is the 
statement that “ the alkaloids are all optically active.” 

In some respects the book is unsatisfactory. The Obermiller type of 
theory is held to be the best medium for explaining aromatic substitution 
reactions. Rearrangements of the Hofmann (aromatic) type are given as 
they were thirty years ago. Diazo coupling of phenols is explained by the 
K. H. Meyer and Dimroth theories. The omission of ** the electron theory of 
valence ” is overdone ; the simplest conceptions have now entered the most 
elementary treatments of the subject. Stereochemistry is generally weak. 

Nevertheless, the book has so many excellent features that it deserves an 


immediate success. 


E. E. Tubnbb, 


Organic Syntheses. VoL XVIII. Rbyitold 0. Ftjson, Editor-in-Chief. 
[Pp. vi + 103.] (New York: John Wiley & Sons, Inc.; London s 
Chapman & Hall, Ltd., 1038. 8^. 6d. net.) 

The latest volume of this well-known series describes tested laboratory 
methods for the preparation of twenty-nine organic compounds of importance 
as starting materials in organic research. The range of compounds is con¬ 
siderable and includes allylamine, diphenyl selenide, Z-histidine, p-nitro- 
benzaldehyde, a-phenylaeetoacetonitrile and taurine. An appendix giving 
later references to preparations described in preceding volumes is included, 

O. L. B. 

Chemistry of the Proteins- ByDoBOTHY JoBDAirLiiOYD, M.A., B.So., 
F.I,C., and Aones Shobb, B.Sc., A.I.C. [Pp. xii + 532, with 101 
figures, including 3 plates.] (London: J. & A. Churchill, Ltd., 1938. 

. 21a. net.) 

In the second edition of this book, which was first published in 1926, two 
chapters dealing with the industrial aspects of protein chemistry have been 
abandoned, but the remaining chapters have been greatly enlarged and 
slightly rearranged to take account of recent advances in knowledge of the 
chemistry of the proteios. As before, the book comm^ces with a survey of 
the nature and properties of the amino acids, but the classification of proteins 
receives consideration before the methods of protein analysis, which are the 
subject of a lucid and concise review. Following a discussion of the methods 
employed in establishing the homogeneity and identity of the proteins, 
consideration is given to the subject of nutrition in a section which ind[u(les 
an interesting survey of the work of Rose and his co-workers on indi^peac^^la 
amino acids, A brief but lucid account of the proteolytic enzymes provliefi^ 
a useful introduction to the argument cono^snng Ihe size, structaE^e > 

of ihe protein molecule, a subject which is first di^sussed in t^ins of 
of X-ray and ultracentrifuge methods experkhmt. Due 
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fiflso given to the theoretical contributions of Wrinch and Bergmann, as “well 
as the related evidence derived from the study of protein films and osmotic 
pressure measurements- Such more precise knowledge of the structure of 
the protein molecule is utilised in subsequent discussion of the theory of 
protein solutions, the sol-gel transformation, denaturation and the combina¬ 
tion of proteins with acids and alkalis. In view of the wide field covered by 
the authors, it is not to he expected that they will be able always to command 
the agreement of the specialist. They have, however, succeeded in compiling 
an interesting and exhaustive review of the present state of protein chemistry, 
which is made all the more valuable by the excellent lists of references at the 
end of each chapter, J B S 

Brewing: Science and Practice. Vol. I: Brewing Materials. 
By H. Liaovn Hind, B.Se., PXC. [Pp. xiv + 505, with 63 figures, 
including 27 plates.] (London: Chapman & Hall, Ltd., 1938. 50s. 
net.) 

Beabing in mind the great importance of brewing in this country, and the 
agricultural and subsidiary industries dependent on it, it is surprising that 
authoritative text-books on the subject appear at such long intervals. The 
last was by Sykes and Ling, over thirty years ago. When improvements 
in plant and processes and the vast amount of research bearing on brewing 
published in British and foreign scientific and technical journals are taken 
into account it will he realised that a new text-book is long overdue. 

Brewing in the main is still regarded as an art and the scientific aspect of it 
somewhat of a curiosity. This outlook is to some extent due to the protected 
character of the industry. Competition is not felt so keenly as in more open 
undertakings, and profits for the last twenty years have been gratifying to 
l»8(wing proprietors; hence it is felt that it may be well to leave good alone. 
But the advances in our knowledge on brewing, which are so well set out in 
tim admirable book, indicate most clearly that the art of brewing is being 
changed elowly but surely to a biochemical and engineering proposition. 

Mr. Hind is one of the few who has had the all-round experience on the 
technical and scientific side which enables him to write authoritatively on so 
wide a subject. The book will appeal alike to brewer, brewery chemist and 
stiKteit, not only in this country and the colonies, but in America also, where 
brewing technique is making such rapid strides since the repeal of the hasty 
and, ill-thought-out Volstead Prohibition Act. 

The volume includes twenty chapters, the first of which is historical and 
s^jpropriately describes the Queen’s College Brewery, Oxford, the oldest work¬ 
ing brewery in this country. Five diapters on the different types of English 
and foreign barleys follow, including their characteristics and chemical com- 
The biochemistry of malt and wort comprising colloids, hydrogen 
km eoDcenfralion, tim carbohydrates, proteins and enzymes of barley and 
malt—imbjeets of intaisive investigation here and abroad—are cleaxly set out 
and remarkab ly wi^ desOTbed. An. account of the subtle and interesting 
ch a n ges which ts^ jf^aoe in the malting process, the different kinds of malt, 
tbw analyses azni inte9q>retation of analytical results is followed by another 
^vering malt adjuncsts and brewing sugars. Four chapters are devoted to 
hops, ihair oizItLvation, treatment, chemical composition and brewing value. 
Brewing waters of var 3 fing types, thdk analyses, treatment and infiuenee on 
the ccunpositkm of wort are dealt irith in an ample and lucid manner. 
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We are impressed by the clarity and easy literary style in which IVIr. Hind 
treats the many and in some cases abstruse subjects which come within the 
ambit of this work. The documentation is sufficient, the illustrations very 
good, and the volume is well bound and opens easily. 

All those concerned with brewing will await the appearance of the second 
volume with interest. Doubtless it will have the same high standard of the 
first, and the two will constitute a text-book of the first importance. 

JvjjIAN L. Bakbb. 

Problems in Organic Chemistry. By E. H. Huntress, Ph.D. Inter¬ 
national Chemical Series, pE^. sdi 4- 270.] (New York and London : 
McGraw-Hill Publishing Co,, Ltd,, 1938. 125. 6d. net.) 

The book is planned on American teaching lines in which, as is said in the 
Preface, some “ courses consist of experimentally illustrated lectures accom¬ 
panied by weekly quiz sections and systematically planned weekly recitation 
and conference sections conducted with small groups of students.’* This 
shows at once that as far as recommended books go thb one will not be put on 
the list in many University Colleges in this country, although it might appeal 
to Technical Colleges, where students cannot take their instruction so leisurely. 
I am not at all sure that the book will not be used more or less secretly by 
students who are bent on acquiring finger-tip knowledge. 

Each topic is reviewed in skeleton—^to set the stage, as it were, for the 
veritable bombardment of questions which is to follow. The questions are 
souifti enough, though failure to answer some of them should not be penalised 
by the recorder. Many of the questions obviously fit in with the American 
printed question paper, in which blanks are left for a brief answer, but others 
require some reflection and would undoubtedly enable anyone to test his own 
knowledge or that of someone else. Some of the questions I found to be quite 
unnecessary, for example that on p. 253 : “ Write the structural formulas ...” 
and the names of 111 miscellaneous organic compounds are put below. Surely 
even a student would do better to plough through a few pages of the index in his 
own familiar text-book. 

I have no experience of this system of teaching chemistry, but can well 
believe that Prof. Huntress has devoted much thought to the preparation of 
his book. After all it is becoming increasingly difficult to make would-be 
researchers realise that they must know a lot of facts before they begin to 
elaborate theories and I’m not sure that this book woffidn’t benefit many of 
our own students very considerably. 

E. E. Turner, 

Experiments in Organic Cliemistry. By L. J. Desha and L. H. 
EARnmoLT. International Chemical Series. JPp. xii -f 233, with 
23 figures.] (New York and London : McGraw-Hill Publishmg Co., 
Ltd., 1938, 105 . 6 d.net.) 

This book has a number of good points, but not enough to make it likely to 
replace existing works of the same approximate price. M^st of the space m 
devoted to preparative work and considerable ingenuity has been shown in 
arranging a continuous practical programme for students who, it is evident^ 
expected, will be in a hurry. There is a rather breatble^ air about | 

gramme, but a student who did all he was toid, or invited to ^ I 

acquired fair skill both at making eixp^iments and in disoovecx^ 
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■were done for. I think the scheme will appeal to American teachers but 
probably not to English ones, this being said ■without any suggestion that either 
body of teachers has achieved finality as regards the best way of iostructing 
beginners in the difficult technique of organic chemistry. 

The book describes some excellent small-scale preparations, a few being 
distinctly unusual—for example, the first stage of the Han tzsch pyridine 
synthesis. A number of useful “ tips ” for facilitating various operations 
are given : one might mention the use of glass-wool in the distillation flask in 
vacuum distillation, this being said to prevent bumping. Shredded filter 
pa.per is used to mitigate the horrors of slimy filtrations. 

In accordance with modem practice a little biochemistry is introduced and 
the book concludes ■with a reasonable scheme for the identification of organic 
compounds. 

E. B. Tubneb. 

Micromethods of Quantitative Organic Elementary Analysis. 
By JosEiPH B. Niedbbl, Ph.D., and Victob Nebdebl. [Pp. xvi 4- 271, 
with 53 figures.] (New York : J^ohn Wiley & Sons, Inc.; London: 
Chapman & Hall, Ltd., 1938. 155. net.) 

PeegI/’s microanalytical methods were adopted in 1925 at Washington Square 
Collie, New York University, and in a few years became incorporated in the 
teaching cumculum of the Graduate School. It was found that if chemistry 
students ■without previous traming in microchemical technique, as well as 
laboratory technicians, were to be enabled to follow the procedures, certain 
changes and adaptations from the original Pregi instractions had perforce to 
be introduced. 

Li this way concise working proc^ures have been developed by simplify¬ 
ing and shorteoing the instmotions without, however, impairing their intrinsic 
value and accuracy. These outlines of the Pregi technique have been revised 
©very year until they reached the form presented in this book, which is 
primarily a laboratory manual for teaching and practising the methods of 
<qpMititative oi^anic microanalysis of pure compounds under ordinary 
labc^atory conditions. The book differs ffom the latest edition of Pregl’s 
treatibB, notably in the omission of “ historical details, and in the alternative 
melbods offered for some analyticcd determinations. Modifications of the 
classical procedure have been incorporated where experience has proved their 
value, and in a few cases, new approaches are described. The introductory 
see^ons on mrcrochemical balances and weighing are comprehensive, and 
ocmsMtate the most helpful treatment of these important matters that the 
prasent reviewer has yet seen. All experimental methods are arranged in the 
iimn of cStoar wd succint statements of (1) principle, (2) apparatus, (3) reagents, 
pfocedure, (5) remsurks—^the last-mentioned containing valuable criticisms 
wiyi foil rdTeienoee to the original literature. There is an interesting and use¬ 
ful final chapter on the teaching of tiie subject, with advice and data on the 
Inafea l l ataoaa of a mkixKshemical laboratory for quantitative work. The whole 
of the matter is wdi set out and the printiog is eommendably free from error. 
In the ai^pcridix k a oolleoMon of standard working formulae and tables 
logarithmss} for csklcuiatibn purposes. This excellent book should 
bo availal^ m evesy organic nncroanalytical laboratory. 
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An Introduction to Microchemical Methods. By Cecil Wilsokt, 
M.Sc., Ph.D. [Pp. xii + 196, with 93 figures.] (London : Methuen 
& Co., Ltd., 1938. 75. 6d. net.) 

The qualitative and quantitative manipulation of amounts of substances far 
smaller than those usually employed for analytical purposes is no new art; a 
seniority of fifty years or more is quite respect-worthy in the chronology of 
modem methods of scientific investigation. Moreover, for long some of these 
methods have been in daily use in industrial laboratories, and have proved 
their worth by their economies of space, time, money, and matter. Thus the 
technique, as applied to well-known methods, has much to recommend it. 
But microchemistry means more than this; it includes, for example, the 
processes of colorimetry and nephelometry, the use of the microscope in 
the identification of crystalline precipitates, the application of spot-tests, the 
employment of spectrographic methods, and the determination of such 
physico-chemical constants as are of particular analytical value. That there 
is a rapidly increasing demand for instruction and practice in work of this type 
is not surprising; for not only does an acqxiaintance with the appropriate 
apparatus and its use provide a foundation which can later form a basis for the 
development of specialised methods of control or investigation, but also it 
provides valuable training in careful and precise manipulation, while at the 
same time it offers a wide and most interesting field for exploration. The 
standardworks of Behrens, Emioh, Pregl, Feigl, and Chamot are well known 
and indeed indispensable, and the journal literature of microchemistry is now 
substantial; but for the beginner no more useful book than Dr. Wilson’s 
could be desired. It deals briefly but adequately with the principal phases 
of the subject, and the diagrams are both numerous and clear. The author 
insists that after working through such a course the student does not become 
an expert, hut is merely suitably equipped as a learner. He would also doubt¬ 
less advise that whenever possible the technique should be acquired under the 
guidance of a skilled experimenter ; but to hold this view is by no means to 
diminish the welcome which this book deserves. 

Newer Methods of Volumetric Chemical Analysis. Edited by 
Wilhelm Bottgbb. Translated by E. Oesfeb. [Pp. xiv 

+ 268, with 18 figures.] (New York ; D. van Nostrand Co., Inc.; 
London; Chapman & HaU, Ltd., 1938. 18s. 6d. net.) 

So much has been done in the last two decades in developing volumetric 
methods, that this work would indeed be useful were it nothing but a guide to 
certain important sections of the recent literature of the subject—a r^pect in 
which it is more than up to date, since it contains numerous references to as 
yet unpublished work. The scope of the book is, however, far wider than this, 
for it gives full working details of a large number of the newer processes, and 
an authoritative discussion of the following topics : (i) Elimination of errors 
in acid-alkali titrations. In favourable cases using a weight burette an 
accuracy of 0-05 per cent, can be achieved, (ii) Use of ceric sulphate, 
(iii) Staimn’s method of using alkaline permanganate so that only the rapid 
change MnO/MnO/' is involved, (iv) lodate, Bromate and iundred 
methods. The largest part of the hook (52 pp. discu^on -f 8 pp. bibiio- 
graphy) is devoted to these versatile and useful reagents% (v) T^trataosi^; 
(mostly potentiometric) with chromous salts, which are more red^ ' 

big agents than titanous salts, (vi) Oxidation-Beduction Indicators*. 
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Adsorptsion Indicators. This part briefly summarises procedures accessible 
in the literature, and. deals mainly with hitherto unpubH^ed studies and their 
theoretical implications. 

Some of the fields described have been opened up too recently for their 
practical value to be assessed at the moment, but a large proportion of the 
methods described are of established utility. Att who use volumetric methods 
professionally, for research work, or in connection with advanced collie 
courses, will value this symposium, written as it is by authors who have 
founded or contributed to the development of outstanding new methods. 

T. B. Smith. 

A Laboratory Manual of Qualitative Analysis. By John H. Yoe, 
Ph.D. [Pp. ix 4- 219, with 7 figures,] (New York : John Wiley & 
Sons, Inc.; London: Chapman & Hall, Ltd., 1938. 12s. Qd. net.) 

This book combines the functions of an elementary text-book of Qualitative 
Anals^sis and a course of study covering about 200 hours work in the labora¬ 
tories of the University of Virginia, The details of the course are contained 
in Part I (21 pp.) and wili have little interest for students working in other 
laboratories. Part 2 (84 pp.) deals with the Anal^^is of Cations. Part 3(51 pp.) 
the Analysis of Anions. Part 4 (29 pp.) Organic Reagents in Inorganic Anal3rsis 
€ttid Part 5 (31 pp.) Qualitative Analysis by Dry Methods, tables of data, etc. 

The book is essentially a practical one and contains no theoretical matter, 
hut the working instructions appear to cover every contingency likely to arise 
during the course. Numerous exercises and questions are given at the end of 
each chapter and anyone working through them would acquire a very sound 
knowledge of the subject. The book is well produced but rather expensive. 

J. N. S, 

Blemeutary Analytical Chemistry. By C. G, Lyons, M,A., Ph J>., 
A.I.G., tmd F. N. Appijbyabd, B.Sc., Ph.O., F.LC. Thirteenth edition. 
[Pp. vi -f 282 with 15 figures.] (London; . J. & A. Churchill, Ltd., 
1938. 7«. 6d. net.) 

Lyons and Appleyard’s Elementary Analytical Chemistry has now reached its 
thirteenth edition, an adequate testimony to the value of the book. It 
aov^ the ground necessary for a pass degree and includes sections on Quali* 
tative. Volumetric, Gravimetric, and Qualitative Organic Analysis, and 
Inorganic Preparations. The book has been re-set, the sections on quali- 
t^ve analysb clari^d and laj^Iy re-written and new matter including the 
use of ceric sulifiaate and titanous chloride added to the chapter on volumetric 
ecseanases. Criticisms of asi established work of this kind are often based more 
on ixiatters of personal taste and usage than on faults or omissions in the 
book. Fari^ <m these grounds the reviewer suggests that, since a student 
usually begim witii inorganic preparations, the instructions here might be a 
fittle more <^4ailed. Where equivalent weights of salts are to be taken, 
finumlse showing the anKMint of water of crystallisation ought to be given and 
the dbaptar would be better placed at the b^inning than at the end of the 
inmcganic section. Tba examination for acid radicals (pp. 136-7) might 
usefully fae elaborated, with fewer cross-references to other parts of the book, 
it is UBfeluI to have a talde tr^ting Group HI as a whole when the 
ammoBl a‘ am i nQnhTm chh^ride separation is not wholly successful. Only on© 
has been noticed, ois. stannic chloride (p, 42) should read stannic sulphide. 
The book m exoell^tiy prodin^ and may be recommended with confidence. 

J. N, B. 
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GEOLOGY 

Geology of Glasgow and District. By W. J. MoCalltein, DBc., 
F,R.S.E. pPp. X + 190, with 88 figures and 1 coloured plate.] (Lon¬ 
don and Glasgow: Blackie & Son, ttd., 1938. 5s. net.) 

Students of geology in the Glasgow district are fortunate in having within 
easy access of the city a rich variety of rock-t 3 rpes of many different ages. 
They are fortunate also in possessing in Dr. McCallien’s recently published 
book an up-to-date and compact account of the physical features and geo¬ 
logical structure of the district. It will be specially welcomed by the growing 
number of young people in all walks of life who are being drawn to the study 
of their geographical and geological surroundings. Dr. McGaUien deals in 
turn with the crystalline schists of the Glasgow Highlands, with the Silurian, 
Old Red Sandstone and Carboniferous rocks of the south-western part of the 
Midland Valley, and with the deposits of glacial and recent times ; discusses 
the evolution of the scenery of the district; and provides a concise accoimt 
of the various igneous episodes in the geological record. His book includes a 
final section devoted to the description of itineraries to localities of special 
geological interest, carefully selected in order to provide the student with a 
general introduction to the various sedimentary and igneous rocks. It is 
accompanied by a glossary of the technical terms used, an index and a colour- 
printed geological map of the distnct on the scale of 8 miles to an inch. 
Special value attaches to the numerous excellent illustrations drawn by the 
author. 

A book of this nature must necessarily be very largely a compilation from 
the publications of previous workers and brief reference to some of the pioneers 
of geological research in the Gla^ow district is given in the second chapter. 
The compilation has been carefully and methodically carried out and Dr. 
McCallien is to be congratulated on the successful accomplishment of his 
difficult task. The pr^ent reviewer ventures to make a few minor criticisms 
for consideration when a second edition is called for. The chapter on the 
Highland rocks would be better placed near the end of the volume, since it 
deals with problems and structures which are difficult for the beginner to 
grasp. A section dealing with the economic resources of the district as a 
whole would be a useful and valuable addition. To the details of the different 
excursions there might be added references to maps and other publications 
where further information c&a he obtained. There are also certain paragraphs 
(notably in the earlier chapters) which appear somewhat out of place in a 
book of this kind, while certain phrases, such as the reference to “ post-dyke 
river valleys ” on p. 114, should certainly be reworded. 

Introductory Economic Geology. By W. A. Tarr, Ph,D., Se.B. 
Second edition. [3^. xiL -f 645, with 257 figures.] (New York and 
London: McGraw-Hill Publishing Co., Ltd., 1938. 30s. net.) 
Evidence of the need for a work of this kind is shown by the issue of a revised 
edition after a lapse of eight years, the subject being one with ar 
scant bibliogsaphy. Although the title pr^upposes the book to be introduc¬ 
tory in character, no mention as to standard of knowledge is made. 
lig. 2 makes use of a number of mineralogioal terms ; on p. 22, a |)e^rcdo^|5i| ■ 
term is introduced ; and one would have preferred a oie^ ^ 

elementary mineralogy and petrology before the 
ph^omena involving the use of these terao®. The boc^ ornate 
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Table of Strata, and no hints as to field or laboratory studies are included. 
It is still more disquieting to find so important a subject as metamorphism 
referred to under various headings, but receiving no explanation as such. 

The first half of the book deals with metallic minerals of economic import¬ 
ance, the larger mineral deposits in various countries being dealt with ade- 
qxjately, with useful diagrams, the sequence of this portion of the book being 
weU set out. One is surprised to find the gold deposits of the United States 
of America d^ribed in greater detail than those of the classic Witswatersrand, 
which far outweigh in importance the American examples. The photograph 
of a concentrating plant failed to convey much to the reviewer, while Fig. 
is too complicated for use in an introductory treatise. 

The second portion deals with non-metallic materials, of which the first 
section, dealing with coal, is very readable, while the same remark may be 
lased for petroleum and natural gas. The simple section (Fig. 165c) across an 
oOfield would have been of greater use if placed earlier in the chapter, while 
under “ clays a diagrammatic section of a continuous kiln would have added 
to the value of the work. Aggregates as such are not referred to, although 
out of 83 million tons of limestone quarried in the States in a single year 
61 million tons were in the form of crushed stone. Some micro-photographs of 
typical building sands would improve this portion of the book, while the state¬ 
ments as to the behaviour of Portland Stone in London give a most misleading 
impression of our leading building stone. It must of course be admitted that 
a work of this nature covers an enoirmous field, and the problem of what to 
leave out must have been a pressing one. It can, however, be recommended 
to those requiring an outline knowledge of the subject, while for the referencing 
and indexing there can fee nothing but praise. Knight 

Mineral Tables. By Aethtjb S. BajEle. Third edition, revised by 
Anomr Pabst. [Pp. vi + 73.] (New York: John Wiley & Sons, 
Ihe,; Iiondon: Chapman & Hall, Ltd., 1938. 75 . 6d. net.) 

This volume was first issued in 1904, and, although thirty-four years have since 
elapsed, the need for a third edition is a testimony to the labours of the 
authors. The tables depend solely upon physical properties as a means of 
miner al id^txfication, and microscopic and X-ray analysis are intentionally 
omifcted : but this does not detract in any way from the real utility of the work, 
more particularly to the prospector, mining geologist and the civil engineer 
who needs some knowledge of elementary mineralogy. 

The Tables sure not in any sense a S37stematic study of common minerals* 
naitber do they attempt to cover the whole vast field of the mineral kingdom. 
They depend on the method of elimination for the rapid “ running down or 
ide®da^5ailon of minerals m the field. Doubtless it is possible to collect many 
^>edmens which these tables would fail to identify with certainty; but for 
the h a n din e ss of thk volume there can be unstinted praise. 

B. H. Knight. 

i^>TAjrr 

Haat F(xrm and Function. By P. E. Pbitsch, D.So., P.R.S., and 
E. J. SAMBBTiBY, D.Sc.. F.E.S. [Pp. viii + 668, -with 445 figures.] 
(Lraidtm: G. Bdl & Sons, Ltd., 1938. 17s. 6d. net.) 

oombines the substance of two well-known works by the garna 
anaK*8.4»»/afr«iM«SioB totheShulyofPlantae^dAnlnkvdtu^wmtothemrue- 
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lure and Beprodiiction of Plants, Those who know the quality of those text¬ 
books are not surprised to learn of the many requests for the union of the two 
in a single volume. In its preparation the authors have taken the opportunity 
of bringing the subject matter up to date and have also extended the ground 
covered. More space has been given to plant physiological aspects and the 
ecological side has been more fully treated. Further additions include a 
chapter on the British Flora and the extension of the section on taxonomy by 
the inclusion of additional families. The brief but useful appendix has been 
amplified to include more practical directions for physiological work. 

We naturally find in the book the high qualities which these authors have 
taught us to expect. Insistence on viewing the plant as a whole, an admir¬ 
able balance of parts, accuracy of fact and modernity of outlook, all are here. 
In addition there is the easy style and also the refreshing originality of the 
illustrations. 

Few slips have been observed. On p. 40 it might be useful to distinguish 
between cell sap and the tissue sap to which the cryoscopic method can be 
applied. The first footnote on p. 83 is a little ambiguous, and on p. 211 the 
difference between large and small calories might be brought out. The legend 
of Fig. 413 is not fully explanatory of all the differently marked squares in the 
genetical chessboard above it. In a later edition it would be useful to give in 
the appendix the osmotic pressure of various concentrations of cane sugar, 
placing them side by side with those for a salt which appear on p. 636, Data 
for the comparison of the plasmolysing action of a non-electrolyte and an 
electrolyte wotdd thus be available. 

Prof. Fritsch and Prof. Salisbury have had many years’ experience of 
academic teaching and of active r^earch in the laboratory and the field; 
they also have a wide acquaintanceship with scientific authorship. With this 
rich endowment they have produced what, for its scope, is certainly the best 
introduction to general botany in the English language. Furthermore it is a 
real introduction, for the references to literature are admirably chosen to guide 
the student in his further work. 2. B. 


Vergleichende Morphologie der mederen Fflanzen. Erster Teal; 
ForxDbildung. By Dr, B. Sohussniq. P’p. viii + 382, with 470 
figures.] (Berlin: Gebriider Bomtraeger, 1938, RM, 36, paper 
covers; RM. 38, bound.) 

By contrast to the lack of general treatises in the first decade of this century, 
the student of Thallophyta has now at his disposal a considerable number 
of standard works dealing with these plants from diverse points of view. 
Schussnig’s book, however, approaches the subject from a rather new angle 
and, moreover, includes a consideration both of Fungi and Algae, The 
present volume deals essentially only with cell-structure and vegetative 
organisation, and it is a little disturbing that neither a list of the cited litera¬ 
ture nor an index is available, a defect that one trusts may be remedied 
by the rapid appearance of the second volume. The subject-matter, illos^ 
trated by a large number of illustrations, a con^erable number of 
are originals, is clearly presented and often stimulating, but would haaid^ ; 
be intelligible to any one who had not already acquired an appreciable ; 

ledge of the forms involved. This is esseaMi^y a Ixk^ 

viewed as such, one need not p^haps d<^^ too naach j 

a considemble number of new tem^ in part raMaer eumfeeilaetoeb 
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• It is of considerable value to have the holopbytic and heterotrophic 
Thallophyta brought into juxtaposition, but after reading the book one 
cannot get away from the impression that the Fungi take a decidedly second 
place in the subject-matter, although Lichens are dealt with at some length. 
External form, too, is rather scantily treated, and it is to internal structure 
that most attention is devoted. Schussnig develops the view that the 
parenchymatous structure of the higher Pharophyeese is actually derived 
from a system of threads, as has long been accepted for Fiorideae, It is 
dif&cult to ascertain the basis upon which this view is founded and, since 
we are told that it will be considered in greater detail in connection with 
the reproduction oi^anisatibn in the second volume, a critical discussion 
of its validity may well await the publication of this volume. 

F. E. Fbitsch. 

A Textbook of General Botany for Colleges and Universities. 
By RiOHABn M. Hoiman and Wilfred W. Robbins. Fourth edition. 

xviii -h 664, with frontispiece and 482 figures.] (New York: 
John Wiley & Sons, Inc.; London: Chapman & Hall, Ltd., 1938. 
20s, net.) 

This is a new edition of a well-known text-book incorrectly described on its 
cover as the third edition. It would seem best to deal in this review more 
especialiy with the new portions of the work. These generally seem to be 
of too slender a nature to be regarded as really satisfactory. The theory of 
solute absorption has been scarcely more than defined although from the 
prefrce we are led to expect “ greater weight ” to he given to it than in pre¬ 
vious ^iions. The underlying idea in absorption, suction pressure, is only 
vagi^iy hinted at. The rise of sap is not treated very convincingly, mention 
is not made of the recent work of Haines indicating that gas bubbles may be 
formed in wood elements, and in one paragraph on p. 138 it is suggested that 
no bubbles are formed, while in another paragraph on the same page sugges¬ 
tion's are made as to how such bubbles could be dissolved when they are 
formed; the aoMvity of living wood elements is postulated from premises 
from which siKsh activity would not seem necessarily to follow. 

A discussion cm hormones in relation to growth phenomena seems to be 
limited to a paragraph and the word does not appear in the index or in the 
glossary. The latter is a useful addition to the book. 

E. M, 0. 

An Introfitintion to Biology- By E. J. Hatwxeld^ M.Sc. [Pp, 640, 
with 168 figures,] (Oxford: at the Clarendon Press; London: 
Humphrey Milford, 1938- 65 - 6 d.) 

Tms book is designed to cover the various school certificate examinations, 
altboQg^ no attempt has be«i made to confine the subject matter entirely to 
" tlie syllabusea of these examinations. The treatment is primarily phymo- 
logical, function rather than structure being stressed; nevertheless, although 
animals and plants are not dealt with as types, sufficient morphology is 
mtroduoed to eimblb fimcrion to be understood; carefully selected experi¬ 
ments are intradueed wherever possible, and the student is throughout urged 
to learn fr»r from diservaricm of living thln^. 

It IB imfrartunate that the book c<mtains a number of inaccurate or loose 
statements. Amos^ these may be noted the information that protozoa occur 
in fhe air, lhat somerimjea stems are entirely devoid of leaves, that the shell 
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of the Badiolaria is external and that charr and minnows inhabit ponds. 
Moreover, it is highly improbable that roots, in the inclined sieve experiment 
"XFig. 71), wonld grow up the slope of the sieve, while in the klinostat experi¬ 
ments it is surely more instructive to place seedlings with their radicles parallel 
to the axis of rotation, and not at rightangles to it. 

While it is, unfortunately, desirable that attention should be drawn to 
such deficiencies, it is hoped that they will not create an unfavourable impres¬ 
sion of the book ; they are of a type which can easily be corrected in a second 
edition : in fundamentals the subject matter is soimd and the treatment lucid. 
The merit of the book lies in its freshness of outlook and in the clear picture 
which it draws of the principles underlying the science of Kving things, plant 
or animal. It w an introduction to biology, a book which should give any 
intelligent school child an insight into himself and the living things around 
him, and this, and not preparation for examinations, is surely the primary 
object of teaching Biology in schools. j 

Soilless Growth of Plants. By Carletoh Ellis and Miller W. 

SwANEY. [Pp. 155, with fipontispieee and 58 figures.] Q^ew York: 

Reinhold Publishing Corporation ; London: Chapman & Hall, Ltd., 

1938. 13s. 6d. net.) 

During the last few years there has awakened a growing realisation that soil 
is not the only medium on which plants can satisfactorily be grown, but that 
water, supplied with the essential nutrient salts, can support adequate growth. 
This is no new knowledge—^the method has been used for many years in 
experimental work—but the fact that it has commercial possibilities is now 
attracting attention fi*om many quarters. On the face of it the process is 
simple, but only those rendered wise by experience realise the inherent diffi¬ 
culties, and there is a danger that inexperience may under-rate these difficultly 
and lead to failures, causing disappointment and financial loss. From the 
experimental side the method is invaluable as it providy a measure of control 
of available salts which enably very exact work to be done, and the importance 
of traces of such elements as boron, manganye and copper could hardly have 
been determined otherwise. On the commercial side, for large-scale work, 
engineering skill as well as horticultural knowledge is essential, and the 
combination of the two may not always be available. 

Nevertheless, much writing in the popular press has brought the method 
before the public, and there is a growing demand for information. The 
volume under review summarisy the various ways in which plants can be 
grown without soil, either in actual solutions or in inert media such as sand 
to which the necessary chemicals are added. Somewhat too much stress k 
laid on successful cultury, and the uninitiated reader may fail to grasp the 
possibilitiy or the reasons of failure. It is clearly shown, however, th^ the 
method is very elastic, and that a variety of culture soluticaos, containers and 
methods of manipulation may give equally good results. 

in such a comprehensive sweep, however, it has not been possible to g^e 
full details of the commercial aspects of the problem, and there Is room for a 
parallel volume in which that side pf the matter is specifically dealt 
^ocessy and fallury being treated impartially. It k difficult to ^41 

poyible future of the method, and much may depend tiie 

le<%emmt and dkoussion of the difficultiy with a view; to 
bask on which the work maybe' (^yelc^siBd. ' ^ 
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Cryptogamic Botany. Vol. I: Algg& and Pimgi. Vol. II; Bryo- 
pbytes and Pteridopliytes. By Gilbert M. Smith. McGraw- 
HKll Publications in the Botanical Sciences. [Vol, I; pp. viii + 645, 
with 299 figures ; Vol. n : pp. viii + 380, with 224 figures.] (New 
York and London : McGraw-EQll Publishing Co,, Ltd., 1938. Vol. I, 
24$. net; Vol. 11, 185. net.) 

Ik the presentation of the different groups the type basis has m general been 
adopted in this work, though a more general treatment is furnished of the 
Diatoms and Slime Fungi. 

Of the first volume 350 pgiges are devoted to the Algae, 16 to the Slime 
Fungi, 147 to the Fungi proper and 10 pages to the Lichens. In the second 
volume the Bryophyta claim 113 pages, the Ferns 119 pages and the other 
Pteridophyta 134 pages. A book mainly based on the type system necessi¬ 
tates a selection that challenges critiefem, the more so that this method of 
presentation, more perhaps than any other, is liable to fail in emphasising 
the salient biological principles that each group especially illustrates. In 
the VolvocEWJeae the tj^pes the author has selected are Volvox and both 
Pandorina and Eudorina^ hut Qonium is omitted. In the Chateophoraceae 
Stigeoclonium is alone described, despite the interesting series which this 
group presents of compcurative differentiation of the thallus. The Xantho- 
phyceae, Chrysophycese said Diatoms, here grouped as the Chrysophyta, 
tocher with the Pyrrophyta and Euglenophyta, are collectively accorded 
77 pages, whilst the whole of the Chlorophyta, including the ClWacese, are 
dealt with in about 120 pages. 

In the second volume the comparative morphology of the thallus of the 
Hepalacas, especially of the leafy Liverworts, receive but scant treatment, 
though £ar the most important and instructive feature of the group. 

One feels indeed when perusing th^e pages that, though the descriptions 
are ^ear and the illustrations mostly admirable, there is a lack of b^ance 
in the breatn^t, which seems too often to be uninspired by a guiding prin- 
or theme to raider each section a connected whole. We fear that the 
student using these volumes may well fail to develop that grasp of a mental 
firamework without which the facts of structure or life-history are liable to 
degenerate into mere information. 

E. J. S. 

ACBierOIaTUBE 

The Principles of Soil Science. By A, A. J, de Sigmokd, Ph.D. 
Tmzislated frcan the Htmgarian by A. B. Yollakb, B.A., Ph.D., 
and edited by G. V. Jacks, M.A., B.Sc. [Pp. xiv -f 362, with 4 
feeding i^ates and 34 figures.] (London; Thomas Murby & Co., 
1938. 22s. 6d. net.) 

Tbow. m SmMOKD of the University of Budapest is not only one of the 
leading antborit^ on soil science, but is particularly associated with the 
peo^resB that baa be^ ipoade in the clarification of soil types. We are, 
therefore, f<»rtnnate in having in this English translation a presentation of 
the viefro. As Sir John Bussell aptly expresses it in a brief fore- 

WKnd, Profeeor de ^gmemd has put us under a debt of gratitude by sum- 
w ^ sademg has own wida experieoce and discussing in the light of his own 
Imowledge ihs work that is being done by others.’’ 

The fijcst 77 pages treat of the origin of soils, the factors involved in their 
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formation, and the types of formation. The chemical characteristics of 
soils are dealt mth in the second part (pp. 79-146), whilst Part III (pp. 
147-310) is devoted to soil taxonomy and Part IV treats of soil cartography. 

The third section is not merely the largest, but is the most important, 
as presentiog for the first time in the English language the author’s views 
on soil classification. The soils are here divided into 25 Orders which, 
together with the chief types into which each is subdivided, provide some 
fifty soil categories, based primarily on chemical composition. The char¬ 
acterisation is sometimes rather meagre, as is well seen in the description 
of dune soils, which is so curtailed as to be actually misleading. As Sir 
John Russell points out, certain English soils do not easily fit into the 
system, a type of difi&culty not unknown when using taxonomic monographs 
of flowering plants even in the country of their origin. The wider diffusion 
that this translation will afford to the author’s views is the best means of 
ensuring such adjustments in the system as may be necessary to permit 
of their wider application. 

It is a tribute alike to Author, Translator and Editor that the work is 
at once readable and lucid. 

E. J. SaiiIsbttry. 


The Study of the Soil in the Field. By G. R. CijAKke, B.Sc., M.A. 
Second Edition. [Pp. 192, with 1 plate and 8 figures.] (Oxford : At 
the Clarendon Press ; London : Humphrey Milford, 1938. 6^. net.) 


It is fully recognised now that the study of the soil in the laboratory, while it 
has many major problems to investigate, can never be more than the study of 
soU matericd. The eoU can only be studied in situ, and Mr. Clarke’s book is 
unique in giving in small compass detailed guidance for field study and for the 
recording of observations and maps. Soil surveying is not an easy task and 
students approachiag it are fortunate in having the experience of many years 
of work on the subject presented in this book. This second edition is amplified 
in detail and contains additional information and advice on soil sampling, on 
the prelimmary surveying of the ground, and on the classification and record¬ 
ing of soil colours. There is a notable addition to the section dealing with soil 
structure in which the author gives, along with the Russian and American 
classifications of structtire, a scheme that has been evolved in this country 
laagely by the author himself. 

The first edition of this book received a well-merited welcome. A book 
of this usefulness is so well worth being kept up to date and improved as 
further experience in the subject is gained, that the second edition is assured 


of success. 


3^. M, G. 


The Soils of Palestine: Studies in Soil Formation and Land 
Utilisation in the Mediterranean. By A. RsuFjasrBERG, Ph.I>.^ 
Dipl. Agric. Translated by C. L. Whittles, M.A., Ph.D. 
viii -f 131, with 8 plates and 4 figures.] (London: Thomas Murby & 
Co., 1938. 14«. net.) 

The soil of Palestine has in the past undeigone the same faulty treatm^t 
k meted out to so many soils in other parts of the workl j the abaaEid<mn 5 en| of 
terrace cultivation aad the destruorion of ti»es has exposed the soil to 
forces of erosion €md the practice of burning dung as hxel Isas 
bated to the impoverishment of the land. The investigse^m jof " 
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of the soils is an obvious preliminary to the task of restoring the land’s 
ancient fertility. In the present volume the author describes the effects of 
weathering on soil formation and gives an account of the evolution and 
characteristics of the various soils found in Palestine, including especially 
the “ terra rossa.” This is followed by sections on soil formation under the 
Mediterranean climate, as compared with that under other climates. In a 
chapter dealing with soils and agriculture attention is drawn to the problem 
of irrigation and its attendant perils due to the high salt content of Palestine 
water* A final chapter deals briefly with the subject of Zionist colonisation. 

P. H. 

Mother Barth. By G. W. Bobinson, Sc.D. [Pp. viii + 202, with i plate, 
6 figures and 2 maps.] {London: Thomas Murby & Co., 1937. 
6s, 6d. net.) 

The sofl has received less generally recognised study than any part of man’s 
environment. The geologist has long since considered certain very broad 
principles of its formation but has otherwise ignored it. Most of those 
concerned in any way with the products of the soil have (of necessity) 
grouped soils very roughly accortfing to their ease of cultivation or their 
power to produce crops. The soil, as Prof. Bobinson says, has not “ the 
stiange magnificence of the outer universe or the curiosity of the mner 
recesses of the atom.” But, in fact, it presents a major sphere of scientific 
mquiry: the soil is a natural object as worthy of study “ for its own sake ” 
as plant, or mineral, or rock. 

Scieaitiflc interest in the soil has not developed to a great extent even 
amoBg the most prominent of those who are interested in the Land and its 
probkms. Prof. Bobii^n thinks (and we agree) that their interest 
be aroused and that once aroused they themselves will appreciate 
this sphere of study: h^ce this book. In a series of letters to Prof. Stapledon 
fibe writer discourses in a most attractive manner upon some of the major 
themes of pedoit^y, Ihselaimmg any conception of the book as a text¬ 
book OP systematic course of instruction Prof. Bobinson does, however, 
virkHsdly oov^ the ground of an introductoiy course in the subject. Pedo- 
lo^ts €dready familiar with its subject matter should read tto book for 
its phiioBOphkdl eoi^ptions, teachers of soil science should urge their 
students to read it, but in view of its purpose the crucial consideration is : 
has Prof. Stapledon read it and if so what has he to say. As an original 
fses^tadikm of the prine^les of pedology the book should be very welcome, 
but we shall only know of the failure or success of its avowed purpose when 
w© have a book of correspond^ioe between Prof. Bobinson and his distin- 
guifihed colkague. ^ ^ 

Sdanca in Agracnltare. By John W. Paterson, B.Sc., Ph.D. [Pp. 
viii d- 288, with 165 figures.] (I^ondon, New York, Toronto : Long- 
mam^ Green & Co., 1938. 6a. 6d.) 

T^edes bodk aims at taking the acienfifio basis of farming to provide a course 
. sa general sctanoe. Hiis oonoeption of tesbching general science by usrog 
m as the i^ienomma of farm as material for illustration and 

eo^peidxhen^ k ceirtalzfiy vecy 

Palemon a&v&rs a great sunount of subject matter in a book which 
shenM be useiul to the teadb^ who desires to use agricultural material 
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in a general science course. But the book suffers very much from the fact 
that it is the agricultural material rather than the general science that 
influences the sequence and the content of its fifty chapters. Begi n n in g 
with the atmosphere and combustion, the book passes straight on to the 
plant, rainfall, rock weathering and soils, fertilizers, crops, cropping and 
crop diseases, animal husbandry and dairy products. This dominance of 
agriculture ” and of the agricultural sequence partially defeats the inten¬ 
tion to provide a grounding in general science.*’ A chapter is included 
on “Matter and Energy” and another on “Chemical Constitution,” but 
these chapters give the impression of being reluctantly included as unavoid¬ 
able parentheses. The statement in the text that “separate study of 
chemistry . . . will be of undoubted advantage to the student ” reads almost 
as an apology for the exposition of chemical constitution which is offered 
in this book. A chapter of seven pages is certainly inadequate to explain 
chemical constitution, and the picture of a chemical laboratory in the chapter 
does not seem to help at all. Moreover, chemical formulae and equations ' 
are used in the book before the attempt is made to explain them. 

This book should be very useful to the teacher in providing material. 
As a book for the student it could usefiilly be revised to allow the general 
science rather than the agriculture to determine its sequence and the content 
of its earlier chapters. 

N. M. C. 

Poultry Husbandry. By Moruby A. Juxl. Second edition. [Pp. viii 
548, with 213 figines.] (New York and London: McGraw-Hill 
Publishing Co., Ltd., 1938. 24s, net.) 

Of the various branches of agriculture in Great Britain the poultry industry 
has attained the third place in economic value, with an annual output of 
some £30 millions. With the doubling of the poultry population to approxi¬ 
mately 60 million birds during the past twenty years the mortality rate 
has risen from 5 to 20 per cent. The estimated loss of laying stock alone 
is about £4 millions per annum. This serious position is due to the inherited 
disease known as fowl paralysis and secondly, to the prevalence of parasitic 
infections. Fowl paralysis has been disseminated throughout the breeding 
stock of the utility strains upon which the industry’s prosperity had been 
built; it will be combatted by selective breeding from progeny tested stock. 
The spread of parasitic disease is laigely due to the farmer’s neglect or 
ignorance of the principles of sanitation in the housing of his birds and 
husbandry of his land. Specialist poultry farming on limited acreage inevit¬ 
ably turns the land “ bird-sick,” it becomes infested and continually 
re-infested with disease-producing parasites. Veterinary teaching has for 
years emphasised that the prevention of parasitic disease requires the recog¬ 
nition of livestock as a crop to be rotated over the land. Now that thk 
teaching more recently has been reinforced by Prof. Stapledon’s principles 
of grass husbandry, science is beginning to explain why general flarming is 
more likely to succeed in this country than spedalist faimaing. 

The poultry fermer of this country will find little guidance in 
this big problem by studying the book under review. Fowl Is ^ 

regarded as a virus infection; and the author wages war agah^t l 

disease mamly by meai^ of di^nfectanfe px>jeeted 
gadgets. Hk d^nr^^ard of the mespenrive 
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soda water and soft> soap is interesting. Even human indifference to work 
cannot be exploited on the poultry farms of this country by American 
labour-saving devices. From Prof, JuU’s descriptions and illustrations it 
woxiid appear that the housing for poultry should be on a scale worthy of 
the arcidtecture of Washington; in this country such buildings are deemed 
more appropriate for agricultural colleges and government stations where 
the taxpayer can see something for his money, but does not have to use 
them for his own livelihood. The American systems of feeding are more 
likely to interest our com importers and offal merchants. Prof. Jull’s text 
and illustrations of the dressing, grading, packing, and marketing of poultry 
are mc^t useful. Eut the British pouitiy farmer is more concerned about 
how to rear live birds and to keep them alive until he wants them deadl; 
moreover it would appear from its mortality statistics that the American 
poultry industry is equally interested in the same problem. Possibly in 
the next edition of this admirably appointed book Prof. JuU will deal more 
vigorously with current problems of disease. 

Tom Habe. 

ZOOLOGY 

Text-book of Zoology. By W. F. Wheeleb, M.A. [Pp. xii -f 356, 
with 182 figures.] (London: William Heinemann, Ltd., 1938. 
10®. €d.) 

Wbitoen by a schoolmaster for use in schools, and mindful of general 
requireDpbents for the Higher School Certificate, this attractive-looking volume 
might well be expected to meet the needs and convenience of a considerable 
number of scholars aud teachers. Size, type, paper and format are admir- 
€^le; but, when one looks into it, one cannot escape the suspicion that it 
is leas Certificate than the University Scholarship which has determined 
the dklanetive features of its scope and treatment. Coming on the heels 
of Prof. James Gray’s address to the Science Masters’ Association, and the 
pfblioattaa of the Spens Report, it has a ^eoial significance as evidence 
the towards academic specialisation of the latest recruit among 

school subjects. 

Two-thirds of the book deal with some twenty-five selected types, half 
of them in full anatomical detail, and bristling with aU the terms of academic 
uaorphok^ and biochemistry. Ecological aspects are avoided, the author 
ooosKi^rfng “ potted ecol<^ ” as “ not only v€dueless but dangerous.” His 
avowed Bsm m to lead bis pupils onwards from the observation of particulars 
to formulation of general conclusions,” but, instead of reserving such 
wbolesoiiie exercises for the class-room, he proceeds to interpolate three 
chapteiB of conc^taated embryol<^ (Amphioxos, Frog, and Chick), which 
go well beyond the point where oliervation is practicable in schools, and 
foexnulates the himself, basing them upon a far wider field 

than that of tb© course provMed. 

Take as an example his tre^jment of the vascular system. Like the 
other dbapters of section It is ess^i^ally a ccHHiensatioai (unacknowledged) 

^ the of Be Beer’s Zooiogy^ and, like it, 

oeipfced M of ^Osi^rapsid ” and ** Sauropsid ” types— 

, these of which the author proceeds 

I stud^t, the schoolboy has not been 

tjiis :thie disaeetkm r^)tll66; aaad birds, so that the claim 
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to regaard this chapter as a “ correlation of faets ascertained is pure blarney. 
In this case it is reduced to nonsense by the careless statement that in 
Therapsida “ only the right systemic arch persists (p. 241). We may well 
apply the author’s own words to such “ potted ” morphology: it is both 
valueless and dangerous^ and the smarter the boy who imbibes it, the greater 
the injury. 

In fact, errors large and small are so numerous that, in spite of some 
good features, it is certain to lead ambitious boys astray, unless first cor¬ 
rected by an alert and cautious teacher. How can the Hydrozoa be properly 
understood when their dimorphism is based on hydranth and blastostyle 
instead of on hydranth and medusa ? The spire of a snail’s shell is described 
as “ dextral ” without any explanation of what this means, while the figure 
is that of an abnormal individual, with its shell on the wrong side of the 
body, and its spire sioistral! The metapieur^ and epipleures of Amphioxus 
are mixed up, and its gill-shts credited with “ vascularised diverticula ” of 
their walls. The aftershafts of feathers are said to be located on their 
“ dorsal ” side. Spelliog, of course, is no longer an element in education, 
but the chances of our clever boy will scarcely be increased if, in addition 
to such errors, he follows his guide in words like “ nuchel,” probosces,” 
“ occulo-motor,” “ chordae tendinse,” and “ retries,” and in such combina¬ 
tions as an hollow,” “ an hair,” indefinitely repeated. If these are trifiee, 
what will the ^stematists say to the following “ precise definition ” of a 
species: Two organisms are said to belong to the same species if, as a 

result of their interbreeding, there is produced no diminution of fertility. 
It is not sufficient that two organisms breed. . . . This process must be 
continued through many generations and U must be proved thai feriUUy ia 
not diminished. This being so the organisms are assigned to the same 
species ” I 

W. G. 

Animal Biology. By L. L. Woonnuir, Second edition. [Pp. xvi + 
535, with frontispiece and 312 :^ures.3 (New York and London: 
Macmillan & Co., Ltd., 1938, 16a. net.) 

General Biology. By P. D. Straxtsbatjgh, Ph.D., and B- B. Weimeb, 
Ph.D. [Pp. xii 4- 655, with 284 figures, includmg 13 coloured plates.} 
(New York: John Wiley & Sons, Inc,; London ; Chapman & Hall, 
Ltd., 1938. 18a- 6d. net.) 

The previous edition of Woodruffi’s Animcd Biology has been considerably 
revised for the production of this new volume. The book starts with a 
discussion on the scope of biology, on the physical basis of life, and on 
metabolism. This is followed by a survey of the animal kinffiiom occupying 
about ICKl pages. This is pithy but from its very bmvity contains wide 
generalisations, sometimes at the expense of complete accuracy. It ih^^tideB 
some good diagrams, particuiarly of vertebrates. Then comes about 70 
p^es of outline physiology of vertebrates. The rest of the hook deaM 
largely with the philosophical side of animal biokjgy and is much the mo# 
interestii^, since probltos rarely tackled in booln of this nature are 
cussed at some length; the chapt^ on the cemthmity of li% 

&u!arly good. In all probalffiity an adolescent would 
-'.very sinnulating. Such a 'fuH' mirvey.i^'givein’ of" the 
of life that it is sarprishag to find no mentic# ^ 'Mie 
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constitution of viruses. In discussing Eugenics, the author has not given 
a really clear statement of the problem as it exists to-day. Th\is in a book 
which deals so well with medical and economic zoology, it appears some¬ 
what illogical to state that “from the standpoint of permanent advance— 
racial rather than individual—^the path to progress is chiefly through Eugenios, 
the science of being well bom ” (p. 314), while not making it clear that 
only in a good environment are the inherited potentialities of the members 
of a race given full opportunity. 

The second book starts with a chapter on the nature of life, following 
which the attributes of living, as opposed to non-living matter, are dealt 
-vdth in turn. The general plan is for plants and animals to be dealt with 
side by side as working machines, and in this way the fact that the pro¬ 
perties of protoplasm are exhibited equally by plants and by animals is 
stressed, and the differences between the two kingdoms pointed out. Flower¬ 
ing plants and naan are used for the bases of the discussions, but reference 
is also noade to other forms. This arrangement has proved very successful 
and so much information is included that it is disappomtmg to find the mineral 
requirements of living organisms, especially plants, scarcely mentioned in 
the chapters on metabolism. After the physiological part (170 pp.) there 
is a long and fairly full chapter on heredity, followed by a survey of the 
animal kingdom and a brief comparative account of sexual reproduction 
in Thallophyta, Bryoph 3 rta, Pteridophyta and Spermatophyta. The book 
is concluded by discussions of living organisms in relation to their environ¬ 
ment and of evolution. The illustrations are good and, apart from its 
sketchy treatment of morphology, this is an excellent book. The style is 
lively throughout and the “ human interest ’’ paragraphs incorporated make 
it extremely stimulating. 

Students preparing for the Intermediate or Higher School examinations 
should find these books both interesting and useful, although they do not 
completely fulfil the reqiiirements of any English syllabus. They are to 
be especially commended for including man among the animals discussed 
and for intr^ucing accounts of human evolution and of the economic aspects 
of biology. Their main deficiency Hes in their failure to discuss many of 
the underlying principles of morphology and their tendency to give cata¬ 
logues of animals. Further, although both books deal at some length with 
the mechanism of heredity, in the course of which diagrams of meiosis are 
given and crossing oyer briefly touched upon, no mention of chiasmata is 
made m spite of their presence being characteristic of meiosis in the ma|ority 
of plants and animals. 

Both books have bibliographies and are well indexed, 

N, H. Howes. 

Oeneral Zoology. By H. L. Wmujm, Third edition. McGraw-Hill 
Publications in the Zoological Sciences. [Pp. x + 497, with 271 
figures,] (London; McGraw-Hill Pubhshing Co., Ltd., 1938. 215 , 
net.) 

This work constitutes an almost complete rewriting of the previous edition* 
Smce this is a companion book to a course of instruction in theoretical 
practical Zoology, it is perhaps u nfair to assess its value as an isolated volume*. 
It forms part of an introductory course for pre-professional students and 
its contents hardly fit into the scheme of instruction used in England. Alone 
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it woixld make rather difficult reading for a beginner since many topics are 
suddenly dealt with without adequate introduction, e,g, fibrinogen, before 
blood is referred to at all, and ptyalin without previous reference to enzymes, 
and the book appears curiously desultory and unequal in its treatment of 
the subject as a whole. These apparent faults coxild be compensated by 
a parallel course of lectures as, indeed, is intended by the author. The 
evolutionary aspects are well treated. There is a bibliography and a glossary, 
not in previous editions, and an index. 

N, H. Howes. 

Manual for Comparative Anatomy. By L. P. Sayles. [Pp. xii+214, 
with 55 figures.] (Hew York and London : Macmillan & Co., Ltd., 
1938. Is, 6d. net.) 

One of the greatest difficulties experienced in teaching practical vertebrate 
aziatomy is to avoid the course degenerating into little more than a sketching 
class, in which the student satisfies himself that he is working hard if he pro¬ 
duces the requisite number of drawings at the end. The tendency is always 
to forget the reason for the work amidst a wealth of detailed drawing. Prof. 
Sayles has made a very important attempt to overcome this difficulty by 
providing a handbook which, to use his words, places a stress on dissections 
and practical exammations and not on drawings. In order to achieve this 
object, he has introduced into this manual a number of questions, without 
giving the answers, which, apart &om stimulating the student to ask further 
questions of a similar nature, keeps him constantly in mind of the points 
illustrated by the work, the probleiiQS arising from them and most important 
of all the functions of the parts examined. This method of approach might 
well be extended to all branches of comparative anatomy. 

The manual is planned to illustrate the course of study of vertebrate 
anatomy at the City College of New York, The first part of the course 
illustrates a series of vertebrate types, which is followed by detailed com¬ 
parative studies of the organ systems. This seems an admirable method 
of study and although some of the types used, such as Necturus, are not 
readily available in British laboratories, this book could nevertheless be 
adapted to be used as a valxiable ground plan for cotarses of vertebrate 

J. A. Moy-Thomas. 

The Human Value of Biology. By Johan Hjoet. [Pp. xii 4* 241, 
with 29 figures, including 2 plates.] (Cambridge, Mass.: Harvard 
University Press ; London; Humphrey Milford, 1938. 10^. 6d. net.) 

This small volume, by the distinguished Norwegian scientist who has con¬ 
tributed so much to oceanography and fishery research, is so comprehensive 
in its scope and so crammed with interesting facts and original views that 
it is no easy matter to give an account of it in a short review. It deals 
with the philosophy of science and the history of biological theory, sketches 
in brief a system of biological thought, and applies these biological principles 
to the interpretation of hmnan sociology. It is in fact an epitome of the 
author’s outlook on life, an expression of his individual philosophy. And 
Dr. Hjort’s life has been so full and varied, he has played so large a part 
in marine research and in practical affairs and he has throughout paid so 
much attention to questions of scientific method that this matured 
of his views on biology and its importance W mankind is of tho ^ 

interest €ind value. . : - } r' 
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In the matter of philosophy Dr. Hjort is a sttirdy supporter of Kant 
and will have nothing to do with modern theories of relativity, which he 
regards as sophistical. In biology his point of view—^a very sotmd and fruit¬ 
ful one^—^is an extension of that of Cuvier and Claude Bernard. He lays 
great stress upon the fundamental fact that animals are ecological specialists, 
adapted in structure and function for a particular mode of life in a particular 
complex of environmental conditions both animate and inanimate. 

not only does each kind inhabit a specialised environment but 
inside that it has its own subjective or individual environment—^the environ¬ 
ment as it appears to the individual animal. “ As Cuvier’s functional schema 
led to a new comparative anatomy and physiology, so will the idea of recipro¬ 
city between the animal and its environment lead to a new comparative 
biology. This science must look upon animals as specialists. Every form 
of life in nature shows the double peculiarity of Schwaxm’s cells, the pos¬ 
sesion not only of general vital functions but of a certain special function 
of its own ” (p. 146). Looked at in this way the whole animal kingdom 
may be regarded as showing differentiation, division of labour, in such a 
way as to exploit all the possibhitie of the environment. As Hjort puts 
it, “ if the multiplicity of living organisms is regarded as a whole, then it 
is precisely differentiation, specialisation, that has made it possible for 
living organisms to utilise the conditions of life found on the earth ” (p. 147); 

So too in human societies we hnd the same principle of division of labour 
for the full exploitation of environment—a principle well known to Adam 
Smith whom Hjort r^htly regards as a great biologist in the tradition of 
Kant and Cuvier, and one ignored by Karl Marx, whom Hjort regards as 
a theorist dealing with abstractions. 

These important biological and sociological views which Hjort has formed 
.firom his rich experience are illustrated by examples drawn fmm his oceano¬ 
graphical researches, his population studies on fish and whales and the 
story of man*s exploitation of them which he knows so ftiUy and intimately. 

E. S. RussBiJCif 

The Behaviour of - An Introduction to its Study. By 

B. S. Russbuci, O.B.E., I).Sc., F.L.S. Second edition. [Pp* viii + 
196, with 6 plates and 26 figures.] (London: Edward Arnold & 
Co., 1938. lOfi. 6d. net.) 

It certainly is a welcome fact that only four years after the first appear¬ 
ance of Dr. Russell’s lucid little book a second edition has proved to be 
necessary. This may be regarded as a proof of the growing interest in animal 
psychology and of a growing understanding of the fact, that the physiological 
ftjid behaviouristical interpretations of animal behaviour give only a one¬ 
sided and incomplete view of what happens when the animal seeks its food 
or flees from danger. Dr. Russell has utilised this opportunity to add a 
new (tenth) chapter in which he explains his views on the perception of 
animals and their funotionEd meaning, views which come near to those of 
von XTexkuli and his “ IJmweltlehre.” Those objects or events, in respect 
of which the aninoal shows behaviour, are called ** valent,” are said to have 
** valence ” for it, and th^e are just the objects or events, which in ordinary 
life have a biolcgicaX £dgnificanc« for the animal. This valeiace may change, 
according to the heeds of the animal, as is illustrated by examples taken 
ffom the observations of Kirfcman with black-headed gulls and of Brock 
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■with the hermit crab Pagurus arrosor. It is to be hoped that this second 
edition may find the same warm welcome among biologists as the first edition, 
so that Dr. Russell may soon have the opportunity to add more interesting 
expositions when a third edition is called for. 

or. A. Bibbbns db Haak. 

Tlie Study of Heredity. By E. B. Fobd, M.A., B.Sc. Home Univer¬ 
sity Library, Ho. 187. [Pp. 256, with 5 figures.] (London ; Thornton 
Butterworth, Ltd., 1938, 25. 6d. net.) 

Thbbb is probably no branch of biology productive of more introductory ’* 
books than heredity; and this for several reasons. First, it is an extremely 
active sphere of investigation, with changing concepts and data; it is too 
one which has a great interest to the man in the street—^in fact, inheritance 
nms the weather and golf a close third in conversation where parents may 
be assembled. Again it is somewhat mathematical in its methods and it 
is usually assxnned that the ordinary person is incapable of understanding 
simple arithmetic and each author tries to present the subject matter in 
a new and more appetising form. 

The Home University Library is to be congratulated on having brought 
its list up to date with this volume, for the last fifteen years have seen 
a tremendous advance in our knowledge of heredity. Mr. Ford is to be 
congratulated too on having written a book on this admittedly difficult 
subject clearly, concisely and without unnecessary conventionalisms. 

In the first four chapters Mr. Ford presents the mam facts, cytological 
and genetical, which form the basis of our ideas about heredity. The examples 
are fresh and well distributed in plant and animal kingdoms- Moreover, 
they are lucidly described without the doubtful aid of often confusing and 
conventionalised diagrams. Chapters V and VI discuss the nature of heredity 
and of variation in the light of the foregoing and prepare for the information 
produced in Chapter VH concerning the way the genetic factors work. This 
chapter contains much up-to-date material since it is only recently that 
investigations have been firuitful in this field. 

Finally, in the last three chapters, the discussion centres round “ heredity 
in the field ” : selecfion, practical applications for the plant and animal 
breeder, evolution. I suppose it is possible to write a book about heredity 
without discussing evolution, but it has not yet been done. If evolution 
must be included then embryology should be given as prominent a place- 
The 8t%id/y of Heredity is eminently readable and a worthy addition to the 
Home University Library* H. R H. 

Evolution. Essays on Aspects of Evolutionary Biology, presented to 
Professor E. S. Goodrich on his 70th birthday. Edited by G. R. 
OB Bbbb. [Pp. viii -h 361, with 3 plates and 43 figures.] (Oxford : 
at the Clarendon Press; London; Htunphrey Milford, 1938. 165. 
net.) 

This delightful voltune reflects great credit on tho^ who have contributed 
to its pages. It is a pity that the plan of the book did hot allow of its 
includiog an essay by Prof. Goodrich himself, for he is the soundest com'* 
parative anatomist in Britain. Two of the essays caH for some 
notably the editor’s own contribution on Embryology and Evoki^n* 5 :3^ ; 
de Beer has thought fit to incorporate in it his peouHar Ideas of 
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validity of both the biogeixetic law and the germ layer theory; this is unfor¬ 
tunate because these theories, in the opinion of almost all comparative embryo¬ 
logists, together constitute one of the corner-stones of the theory of evolution. 

The second essay to which exception must be taken is that of Prof. 
J. B. S. Haldane on the nature of interspecific differences. Prof. Haldane 
is a brilliant writer, and has given a lucid exposition of Morgan’s theory 
of the origin of species from sports and of the origin of sports themselves. 
Morgan thinks that sports arise by chance, and that when two different 
sports are crossed then corresponding chromosomes approach each other 
in the ripening germ-ceUs (a process known as ‘‘meiosis ”) and that pieces 
of both break off and change over. These pieces are called “ genes,” and 
it is assumed that eaoh gene ” has the power of making some particular 
change in the resulting hybrid. But this whole accotmt is out of date, for 
Mohr (described by Dr. Bateson as the foremost “ drosophilist ” in Europe) 
has shown, that sports, compared with normal individuals, are characterised 
by a lack of vigour proportionate to the amount of their divergence from 
the specific. type ; from individuals thus deficient healthy natural ranes 
could not possibly have arisen. Moreover Walker and Agar have shown 
that the so-called meiosis ” is really a longitudinal division of the chromo¬ 
somes ; the real meiosis occurs later in the nuclear cycle when the chromo¬ 
somes have shrunk to little spherical structures, a condition in which breaking 
and crossing over are unthinkable. 

The other essays are excellent, being written by men each one of whom 
is a master in his particular branch of his subject. Specially to be men¬ 
tioned are those of Dr. W. K. Spencer and Dr. Tucker on “ Echinodermata ” 
and “ The Origin of Birds ” respectively. 

The essays cover every aspect of Zoology; thus we have one by Dr. 
J. Z. Young on the origin of the nervous system and the adaptation of the 
organism to its environment; Dr. Elton, who might be called the founder 
of the science of animal Ecology in this country, contributes an essay on animal 


numbers and adaptation, and, finally. Dr. A. M. Carr Saunders writes one, 
which we consider the most important of all, on Human Evolution and 


the control of its future. 


E. W. MaoBride. 


Snakes of the World. By Raymond L. Ditmabs, Litt.D. [Pp. 
xii -f 207, with 85 plates.] (New York and London: Macmillan 
& Co., L^., 1937. 8^. fid, net.) 

Db. Raymodstd Ditmabs is one of the world’s greatest experts on snakes, 
and from his position as curator of mammals and reptiles at the New York 
Zoological Park has perhaps done more than anybody to popularise these 
cold-blooded vertebrates. His Snakes of the World, which was first published 
in 1931, and is now brought up to date, is perhaps the most successful of his 
general books on reptiles—^all the more so because, while giving an excellent 
picture of snake life firom the point of view of habits, distribution and general 
classification it never descends to a mere catalogue, and the pages of useful 
infprmyation contaohed in it are written in an extremely readable style, -with 
plmty of authoritative and reliable opinions. 

The book appears to be strictly designed for those with an interest in 
snakes. It does not attempt at all widely to deal with the zoological prin¬ 
ciples exhibited by this interesting group of creatures. Certainly the excel¬ 
lent prints at the end of the book can have few rivals in any other work on 
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the group, and alone are worth the comparatively low price at which the 
book is distributed, 

^ It is to be hoped that Dr. Ditmars will be able to bring out further editions 
of this important natural history work. 

Jambs Fishbb. 

Catalogue of Xndian Inseots. Part 23: Chalcidoidea. By 
M. S. Mani, M,A. (Res.). [Pp. iv -j- 174.] (Delhi: Manager of 
Publications, 1938. Rs. 3/2 or 5s. 6d.) 

The main purpose of the present work is to provide a classified list of the 
species of Chalcidids hitherto recorded from India. Since this is a relatively 
little-known group in any part of the world, such a list is always useful and 
particularly so in India, whose fauna has been so largely described in scat¬ 
tered publications, often dealing with one or two Indian species at a time. 
Information as to the distribution and hosts of the 600 species is also included. 

The Catalogue is prefaced by a key to the families, subfamilies and 
tribes of the group. This key follows Ashmead’s one very closely and suffers, 
therefore, from the same disabilities. These will be particularly felt in the 
Pteromalidae, where the classification of Thomson and Kurdjumov is superior. 
The use of the suffix -arice for tribes is unusual in the Hymenoptera and it 
is to be hoped that in future editions the names of the tribes will be revised 
since the suJB&x has frequently been added to an incorrect root. A certain 
number of misprints has been noted, particularly in the tribal names ; the 
most widespread one, however, is the omission of the accent from the name 
of Dr, Ch. Ferriere. 

O. W. R. 


MEDICINE 

Textbook of Comparative Physiology. By Chabubs Gabdneb Rogers, 
Ph.D., Sc.D. Second edition. McGraw-Hill Publications in the 
Zoological Sciences. [Pp. xviii + 715, with 168 figures, including 
1 coloured plate.] (New York and London: McGraw-Hill Publishing 
Co., Ltd., 1938. 305. net.) 

Any author who imdertakes a textbook of comparative physiology sets 
himself a task of no mean proportions, namely to review the physiology 
of the entire animal kingdom, and to endeavour to find general principles. 
When it is considered to what size the literature of mammalian physiology 
alone has now expanded, it is clear that no work of comparative physiology 
can hope to be profound without being unwieldy, or comprehensive without 
the risk of appearing superficial. 

The author has had a good deal of experience in teaching the subject, 
and it would seem that he has exercised a wise choice of topics of a sort 
to encourage thought, and to act as a counterweight to the teaching of 
zoology along purely morphological, and therefore largely statical, lines. 
It should also be useful as a means of bringing to the forefront a study of 
physiological principles other than that associated with the problems of 
medicine, for however important this viewpoint may be, nothing but harm 
can in the long run come to the subject of physiology as a whole if the touch-' 
stone of merit is considered to be merely its value in connection with Ste 
requirements of medicine or the phsrsiology of man. r / [ ^ ^ 

The first edition of the work appeared in 1926 , and t^e 
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that he has rewritten the major part of the book. A glance at its contents 
is enough to indicate that this is certainly the case. It would be impossible 
adequately to review these contents in a few words—^they range from elec¬ 
trons and neutrons to chromosome maps and experimental embryology. 
The printing and illustrating is technically good, and the style clear and 
readable. It suffers from one definite fault—^the lack of references. Many 
besides students will use the book, and it is to be hoped that, when the 
next edition comes along, the author may consider whether he could enter¬ 
tain the formidable task of introducing these, if for no other reason than 
that of showing when the facts given were discovered. C. L E. 

Laboratory Manual of General Physiology. By Philip H. Mit¬ 
chell and IvoH R. Taylor. McGraw-Hill Publications in the Zoo¬ 
logical Sciences. [Pp. xvi 4- 142, with 29 figures.] (New York and 
London: McGraw-Hill Publishing Co., Ltd,, 1938. 8^. 6d, net.) 

This book consists of brief descriptions of 254 physiological experiments, 
selected for students taking physiology for the first time and is designed 
to be used in conjunction with Mitchell’s General Physiology. The subject 
matter is that usually associated with the teaching of human physiology 
and biochemistry, but a wider range is covered in somewhat less detail 
than in a medical course. 

The set-up of each experiment is described succinctly and accurately, 
but there is no theoretical discussion since this is esseniially a laboratory 
manual. Teachers of the subject might well find this book a somce of 
firesh ideas for practical courses since several of the experiments are new and 
aptly illustrate the appropriate points. N. H. Howes. 

Introduction to Physiological Chemistry. By Meyer Bodahsky, 
Ph.D., M,D. Fourth edition. [Pp* x-f 686, with 41 figures.] ' 
(New York ; John Wiley & Sons, Inc.; London : Chapman & Hall, 
Ltd., 1938. 20^, net.) 

In the fourth edition of this well-written and most useful textbook a few 
additions and minor improvements have been introduced. Chapter VI of 
the last edition has been split into two, one on Digestion, and the other 
on Chemistry of Enzymes, the latter having been rewritten by Dr. Oscar 
Bodansky. In those branches of the subject which are rapidly developmg, 
as for example the chemistry of Vitamin E, the most recently available 
resull® have been incorporate, though here it is interesting to note the 
progress of knowledge has been so rapid that what is the latest information 
one month is out of date the next. These modifications have involved an 
increase of about 26 pages as compared with the last edition. However, 
the book remains of reasonable size and price. At the same time it is 
remarkably comprehensive. It is a good book to refer to when information 
is wanted on any biochemical fact or theory. WOK 

Science and Nutrition. By A. L. Baoharaoh, M.A., F.I.O. Changing 
World libraay, No, 11- 2 dv 4- 164.] (I<ondon; 0. A. Watts 

Co., Ltd., 1938, 2a- 6d* n©t,) 

To-day it is assumed that most men and women are acquainted with 
vitamiofif, familiar words in the advertisement columns of the press and 
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subject of table gossip, where they are classed as patent medicines, food 
fads, brown bread and orange juice. 

In this little primer on nutrition—^the author has approached the subject 
by way of the more serious angle of biochemistry—^introducing the readers 
to the meaning of food, and the nature of proteins, carbohydrates and fats, 
involving the use of simple chemical formulae, which conceivably may be 
deterrent to even ordinary intelligent people, so notoriously are they shocked 
by abstract things and symbols. It is to be hoped that this may not be 
so in this case, since the study of diet deficiency implies some knowledge 
of the physiology of digestion and the necessities of full healthy diet. 

The book can be thoroughly recommended; it is easily expressed—^the 
subject being so arranged that the interest grows to the end of the last 
chapter. It is a subject in which we are all deeply concerned, and certainly 
it is by such introductions as these that readers become interested and 
encouraged to extend their study. 

Prof. J. C. Drummond, Professor of Biochemistry at London University, 
has written a useful foreword. From The Times of December 14, 1938, it 
is announced that the food group of the Society of Chemical Industry is 
forming a Nutrition Panel of prominent experts, with Prof. Drummond as 
chairman and Mr. A. L. Bacharach as secretary, for the study of food m 
relation to health and disease. p j 

ABC of the Vitamins. By Jenotb Gregory, M.S. [Pp, xii +94, 
with 66 charts.] (London: BailH^re, Tindall & Cox, 1938. 13«. 6c2. 

net.) 

This is scarcely a book m the ordinary sense, for apart from the preface 
and introduction it contains no continuous narrative. Its affinities are 
rather with the atlas or dictionary, or perhaps better, the illustrated catalogue. 
It attempts to convey the important known facts about the vitamins in 
as simple and direct a way as possible, making use of drawings, maps and 
diagrams both to explain and to emphasise the meaning. Each of its large 
pages deals with some special aspect of the subject, and the essential facts 
are stated clearly and concisely. For convenience the volume is divided 
into a series of chapters; let us take for example Chapter 2 which deals 
with Vitamin A. Of the pages which it contains, the first deals with the 
physiological functions of the vitamin, the next two with aspects of Vitamin 
A deficiency, then come Vitamin A and vision, Vitamin A and carotene, 
and finally Vitamin A and infections. Other chapters deal in a similar way 
with—“ The B vitamins,” “ The antiscorbutic factor,” Vitamin D, Vitamin 
E, experimental methods in vitamin research and lastly some general 
relationships and miscellaneous information. 

As will be seen the range of the book is a wide one, and if it had been 
written in the ordinary way a much larger volume would have been required 
to contain all the mformation which it gives. The value of a work of this 
kind depends on the accuracy of its facts and the judgment with which 
these facts have been selected and arranged. In the reviewer^s opinion^ 
high marks should be awarded on both these scores. It is of course incfvdtable 
tha.t in any such cbmjpendium of potted knowledge oversimplification^ shoiil4 
creep in. But the intelligent i^eader will realise this aijid use the ^ 

what it is, an illustrated guide book to the vitamins, and su]p|4te(liilg^ 
when necessary with further reading. The book should pjpW llSbal 
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to many varieties of readers, to doctors and other experts on diets, who 
wish to confirm their facts before giving advice, to medical students on the 
night preceding their biochemical examination, and even to the man in the 
street who wants to be sure he is eating the right amount of the right sort 
of food to cover his vitamin requirements. For this is eminently a practical 
book, an instrument easy to use and quick to yield the required result. 

W. 0. K. 

Manual of Paychiatry and Mental Hygiene. By Aaron J. Rosa- 
NOiT, M.D. Seventh edition. [Pp. xviii + 1091, with 87 figures, 
including 1 plate.] (New York : J ohn Wiley & Sons, Inc,; London ; 
Chapman & Hall, Ltd., 1938. 375. 6d. net.) 

It is eleven years since the sixth edition of this well-known textbook was 
published, and during this interval many important developments have 
occurred in Psychiatry. The preparation of a new edition taking account 
of these developments has therefore been a formidable task, and it may be 
said at once that the author is to be congratulated on having carried out 
this task in a remarkably satisfactory manner. Naturally the book has had 
to be enlarged, by nearly 300 pages, and the great majority of chapters 
have been entirely rewritten. The author has finally succeeded in producing 
a work which is one of the best textbooks available to the student, and 
one which in general presents an excellent picture of Psychiatry as it stands 
to-day. 

Psychiatry is a subject in which there are ixiany opposing schools of 
thought, and it is probably impossible for any textbook to cover the ground 
in a way which would be satisfactory to each of those schools. The author 
has made a valiant attempt to surmount this difficulty, however, and his 
outlook has been catholic and without obvious prejudice. Although his 
own view would seem to be mainly “ organic ” and “ physiological,” he has 
devoted considerable space to the j^chological ” conceptions which have 
bulked largely in the recent history of psychiatry. 

jSinoe the last edition the author has moved materially from the stand¬ 
points which he then accepted. Notably he has largely thrown over the 
Kraepelinian classification which he regards as no longer corresponding to 
modem views. On the other hand, great importance is attached to cerebral 
birth trauma as a cause of psychos^ which develop comparatively late in 
life, and to mal-developmmt in the sphere of sex. These various new points 
of view are set out very fairly and with substantial supporting evidence 
which will enable the advanced student to estimate their validity, 

' The book is provided with numerous illustrations, with appendices con¬ 
taining intelligence tests, variotis tables, a comprehensive index and glossary, 
extensive reference to the literature, and in general contains a mass of well- 
ordeired iidbin^ in an easily accessible form. B. H. 

HISTORY OF SCIENCE AND PHILOSOPHY 
History of Hindu Mathematics: A Source Book. Part II: 
Al^ebmi. By BrnHurreHtrsAN Datta and Avaphbsh Nabayan 
Bmom. pPp. xvi + 314, with ISfigures.] (Lahore ; MotilalBanarsi 
Das, 1938. Rs. 7/8 or 135.) 

The first instalment of this History of Hindu Ma^hsmcUics was published 
in 1935, and it dealt with the evolution of numeral notation and arithmetic 
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in India down to the seventeenth century of our era. The present volume 
covers the corresponding developments in algebra. There are introductory 
chapters on the technical terms, symbols and fundamental operations of 
Hmdu algebra; but about three-quarters of the book is devoted to the 
theory of equations. 

Like its predecessor, this volume contains numerous passages selected 
from the Hindu mathematical classics, and from unpublished manuscripts. 
These extracts are translated from the Sanskrit into English, grouped accord¬ 
ing to topics, and arranged in chronological order, with full explanations 
of the algebraic processes involved. References to previous memoirs on the 
subject are provided in footnotes. About half of the subject matter of the 
book is here published for the first time. 

It may be regretted that so little is said of possible external influences 
on the development of Hindu algebra. However, as a source book and 
conomentary, the work (which is well printed and adequately indexed) may 
be recommended to serious students of the subject, to whom the name of 
Dr. Datta will already be familiar through his labours in this field. 

A. A. 

Tlie Chemical Studies of P- J. Macquer. By L. J. M. Coleby, 
M.A., M.Sc., Ph.D. [Pp. 132.] (London: Grcorge Allen & Unwin, 
Ltd., 1938. 6s, net.) 

SmoB the author has not provided a preface it is not clear why he has selected 
Macquer for treatment in a monograph. It is quite true, as he says on 
the tot page, that Macquer “was for many years his country’s foremost 
authority on chemical matters, and by the variety of his interests, the 
accuracy of his observations, and the influence of his works, he is entitled 
to rank as one of the greatest of French chemists.” It is stated that Macquer 
was descended from a noble Scottish family which had sacrificed its wealth 
and country for attachment to the Jacobite cause, although no authority 
for this assertion, which is controverted by Thomas Thomson, is given. 
The various publications of Macquer are briefly but adequately analysed, 
and it is made clear that he forwarded tho cause of chemical science by his 
researches on arsenic, Prussian blue, solubilities, the combustion of the 
diamond (whore the importance of the flame of a burning diamond in the 
theory of the combustion of carbon might well have been emphasised), etc,; 
his services in chemical technology in connection with dyeing, porcelain, 
assaying, glass, wine manufacture and as one of the earliest rubber techno¬ 
logists are discussed, and the great value of his books, the JBlUmem de 
Ohymie and the Dictionnaire de Ohymie, both of which were translated into 
English and other languages, is made evident. The book is provided with 
that adequate documentation now absolutely essential in any work on the 
history of science, however small, and it is clear that the author has in his 
accounts of Macquer’s contributions gone to the original sources. The 
spelling “ Margraaf ” is given throughout although ** Marggraf ” seems more 
correct. 


J. R. P. 
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Aristotle, Parts of Animals, with an English translation by A. L, 
Peck, M,A., Ph.D. Movements of Animals and Progression 
of Animals, with an English translation by E. S, Fobstbb, M.A, 
Loeb Classical Library. pE^p. 556.] (London : William Heinemaim. 
Ltd.; Cambridge, Mass.; Harvard University Press, 1937. Cloth, 
10a. net; leather, 12a. 6d. net.) 

This new volume of the Loeb Classical Library has the same useful features 
as its predecessors—a convenient size for slipping in the pocket and the 
original text on the left-hand page facing the translation on the right. 

The JDe Partibtis Ani/malium is of course one of the great classics of animal 
biology. The title is not very descriptive, for it deals more with physiology 
than with anatomy; it is a treatise on the functions of the tissues and 
organs. As Dr. F. H. A. Marshall points out in a Foreword, “ as the earliest 
text-book on animal physiology in the world’s history, this treatise will ever 
make its appeal, not only to the classical philosopher, but to all who are 
interested m^the origin and growth of biological science.” There is a valuable 
technical introduction and analysis by the translator. Dr, Peck. The trans¬ 
lation is very readable, being freer and more colloquial than that by Ogle 
in the Oxford series. 

The voliime also contaios two minor works of Aristotle, on .animal move¬ 
ments and methods of locomotion, translated by Mr. Forster, of which the 
latter is of some interest as iUustrating Aristotle’s keenness of observation 
and interest in common things. It is a great mistake to think of Aristotle 
as merely a theoretical philosopher; he was actually a first-rate natxiralist 
with an extraordinarily wide practical acquaintance with animals and their 
wa3rs. 

’ E. S. Eussell. 

The Nature of Man ; Studies in Optimistic Philosophy. By 
jjjJB MmxmmKOtF, Revised by C. M. Beaunell, O.B., F.Z.S. 
[Pp, xviii -b 210, with 18 figures, including 6 plates.] (London: 
C. A. Watts & Co., Ltd,, 1938, 6^. net.) 

This book is said to be a revised edition of a work by the Russian scientist 
iShe Metchnikoff; the English translation of which was edited by Sir P, 
Chalmers Mitchell. The dates and original title are not given, but the reviser 
C. M, Beadnell refers to the book as a product of the Victorian age and thinks 
it may consequently be received by the modem generation as a “ has been ” 
and quite out of date,” In other words is this a book that is likely to 
assist the young student ? The subtitle is probably mistaken. The philo¬ 
sophy is extreme pessknism and often reactionary and anti-scientific. It 
seems more suited to the Trappist monk passing his time in his grave in 
profound contemplation of death. Indeed, the object of the book is to 
encourage an intensive search for the “instinct of death,” an example of 
which is shown in the ephemerid files. The hypothesis and arguments axe 
those of the la-st cmtuiy. The book has only a slight historical value and 
did not call for revision. To discuss whether increase of knowledge is 
d^irable, is not memly siHy, it is immoral. 


P. J. 
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Critical Realism : Studies in the Philosophy of Mind and Nature* 
By G. Dawes Hicks, M.A., Ph.D., Litt*D, [Pp. xxiv -h 346.] 
'(London: Macmillan & Co., Ltd., 1938. 15a. net.) 

In this book Prof. Dawes Hicks collects a number of articles written at various 
times during the last twenty years which he has selected because he finds 
that “ together they form a coherent whole, and may be regarded as the 
working out in detail of a point of view respecting the relation of mind to 
nature ” which he has gradually attained. In addition to an account of 
the general point of view of critical realism, the book contains a considerable 
amount of discussion and criticism of the work of other philosophers— e.g. 
Broad, Bertrand Russell, Bradley, Stace, Meinong, Lotze—and a treatment 
of certain specific problems such as the nature of images and the philosophies 
of Spinoza and Leibnitz. There are also two chapters of particular interest 
to the scientifically minded on “ The Dynamic Aspect of Nature ” and 
“ Professor Eddington’s Philosophy of Nature,” respectively. 

The general idea of critical realism may be broadly indicated in the 
following way. Realism, according to Prof. Perry, whose definition Prof. 
Dawes Hicks accepts with a minor proviso, stands for the principle that 
“ things may be, and are, directly experienced without owing either their 
being or their nature to that circumstance.” The adjective “ critical ” is 
used somewhat in the Kantian sense as relating to an examination of the 
conditions of knowledge of such things.” We have, then, a situation in 
which there is a knowing mind, an independently existing object, and a 
cognitive act. The knowing mind is “ essentially an activity that finds and 
discovers, and whose being is constituted by the awareness of what it finds 
and discovers,” and the question whether it is “ rightly conceived as con¬ 
stituting a substantial identity of existence ” is left aside as an irrelevant 
metaphysical one. The main consideration is devoted to the independently 
existing object and the cognitive act, and to the relations between them. 

In a brief review there is no opportunity of referring to the many interest¬ 
ing and important questions dealt with, and all that it is appropriate to do 
in a journal devoted to science is to indicate the difficulty of reconciling the 
author’s viewpoint with modem physics. It seems impossible, for example, 
to justify what has become known as the “ principle of rejection of un¬ 
observables ” if there are physical things whose being or nature is indepen¬ 
dent of then being expenenoed. Modem physics recognises no qualities of 
an object whose nature is not determined by their being experienced. 
Position, velocity, mass, size, colour—^indeed, all physical qualities—are 
relative to the conditions under which they are observed, and the whole 
character of physics is essentially determined by the postulate that not merely 
have we not been able to discover the absolute nature of these qualities, 
but the qualities themselves have no absolute meaning. The realist inter¬ 
pretation of the MLchelson-Morley experiment, for instance, which demands 
the recognition of the Fitzgerald-Lorentz contraction as an actual objective 
phjrsical fact, is powerless to explain the Kennedy-Thomdike experiment. 
Until an explanation of physical experiments compatible with the realM 
position as described by Prof. Dawes EOLcks is shown to be adnaissible^ it^ 
impossible for physicists to adopt that position. ;| i 
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MISCBLI-ANEOUS 

Personality: a Psychological Interpretation, By Goedon W, 
Alleoet. [Pp, xiv H- 588, with 32 hgxires, including 1 plate.] 
(London: Constable & Co., Ltd., 1938. 16^. net.) 

Personality in Formation and Action, By Wixliam Hbai^y, M.D. 
Thomas W. Salmon Memorial Lecture. [Pp. 204.] (London: 
Chapman Hall, Ltd., 1938. 8^. 6d. net.) 

No book devoted to this important subject has yet appeared as valuable 
and as interesting as Prof. Allport’s. The author insists throughout that, 
if psychology is to be true and complete, it must combine the positions both 
of the exact sciences and of those, like history and literature, which explore 
the signihcance of some particutar event in nature or society. Even those 
psychologists who are occupied in the investigation of individual mental 
differences and of its most recent extension, factorial analysis, “ have, as 
it were, studied hearts removed from their natural setting ” (p. 16). He 
denies that mental “ factors ” in all individuals are identical, that they must 
be independent of one another and not overlap. To the doctrine of factors 
he apposes what he terms the doctrine of “ functional autonomy,” according 
to which “ the dynamic sub-structures of which a personality is composed 
are unique integrations formed in the individual course of experience and 
heredity ” (p. 246). He refuses to suppose that a very few basic (e,g» nutri¬ 
tional and sexual) motives or a rather larger number of instincts, common 
to all and presumably innate, can suf&ce to explain the endless variety of 
human interests, or that the driving forces of the adult personality are 
fundamentally of an infantile and archaic nature. 

Like many other American psychologists, the author substitutes for the 
instinct the concept of “ drive ”—an internal organic impulse originally 
leading to the alleviation of some fundamental segmental orga^c tenfl^; 
But he insists that the drive can serve only as a starting-point for a theory 
of motivation, and that it is supplanted in the mature personality by such 
motives as interests, sentiments, complexes, values, ambitions, attitudes, 
tastes and inclinations. These he includes under the not indefensible 
“ omnibus ” term “ traits.” But here, again, he insists that no single 
trait—^nor all traits together—-determine behaviour all by themselves. . . . 
Only one maximally int^rated activity takes place at any one time, and 
this activity is the product of a final convergent path wherein all available 
energy ... is channelized to meet the present demand ” (p. 313), These 
** trmts ” are flexible, interdependent dispositions, reached only at a rela¬ 
tively complex level of anaylsis. 

But, in his view, “ no two persons ever have precisely the same trait . . . 
The end product of unique determination can never be anything hut unique ” 
(p. 297). This, however, does not preclude the scientific aim of discovering 
general laws : ” a general law may be a law that tells how uniqueness comes 
about ” (p. 568). 

The author grants the possibility of deducing by abstraction “ common ” 
traits, in contradistinction to “individual” traits (which are the only true 
traits). They are “those aspects of personality in respect to which most 
mature pec^e within a given culture can be compared” (p. 300). He 
prepares an inventory of common traits suitable for this purpose. 

Enough has been said to indicate the wise, sane, philosophical tone and 
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the high practical, as well as theoretical, value of the book. Indeed, in 
great part it constitutes a critique of the principal modern views and schools 
of psychology in relation to the problems of personality. The index of 
subjects, which must have been entrusted to an amateur, badly needs revision 
in subsequent editions ; it includes such useless headings as “ Aotes,*’ 
barriers,” “ catastrophe,” “ Oogito ergo mm,"' “ Drosophila,” “ eunuchoid,” 

“ future,” “ ink blot,” “ mouth,” “ nicknames,” “ parson,” “ regions,” 

“ steam-boiler,” “ stereotype,” trend,” and “ weak pattern.” 

Dr. Healy’s book is far less ambitious and less systematic than Prof. 
Allport’s. But it makes delightful reading and testifies to the author’s close 
study of modern psycho-pathology, neurology, sociology and industrial 
psychology. It is the fruit of thirty years’ experience as a psychiatrist by 
one who may be described as the founder of the modem child guidance 
clinic and who has earned for himself a world-wide reputation as “ the wise 
physician.” He throws doubt on the birth-trauma ” hypothesis. He 
confesses to finding little clinical value in Jung’s sub-divisions of the extravert 
and introvert. He insists that besides the urge for self-preservation (life) 
and the sexual urge (love) there is a third—^the will-to-experience ” (the 
striving for self-enrichment). He bewails the general exaltation of emotional 
impulses and the distrust of intelligence, and he suggests that the University 
student should receive instruction in “ the biological bases of personality 
formation, the instinctual urges and desires and the imconscious motiva¬ 
tions that rule mankind . . .” (p. 193). 

Chabxjbs S. Myebs. 

Social PsyctLology. By Dahiel Katz and Richabd L% Scbcanok. 
[Pp. xvi -f* 700, with 1 plate and 20 figures.] (New York: John 
Wiley & Sons, Inc.; London : Chapman & Hall, Ltd., 1938. 185. 6d. 

net.) 

This is an excellent book and more than it modestly claims to be—^a text¬ 
book for college students ; for it will not only appeal to them as a stimulating 
text, but also to most people who are interested in social problems from 
one or other of their many angles. It should have a very wide circle of 
readers indeed. Written in a concise and clear style, it is illustrated through¬ 
out by apposite concrete examples which keep the mind constantly fixed 
upon the empirical data of everyday life from which its theoretical con¬ 
clusions are drawn ; and, even if it were for this reason alone (though it is 
not), the book is full of life and reality. It begins (Part I) with a description 
of the social world in which we all live; the world of human competition 
and co-operation, of folkways, mores and taboos, of fads and fashions, of 
conformity and non-conformity, of crime and custom. It continues (Part H) 
with a detailed analysis of the springs of human conduct, the motives that 
sway us in our social interactions with others. This section is documented 
with experimentally discovered evidence. The chapters of the next section 
(Part HI) deal with the individual members of social groups from a genetic 
and clinical point of view, their socialisation, their assimilation of cultural 
values and prohibitions, their personality con^cts and problems. The final 
chapters (Part IV) discuss the changing woHd of the social engineer and 
planner. They include the study of society and culture,' the eras of therfeial ? 
community, of the growth of publics, and of the divisions of social claste^f 
political parties, and forms of government. The authors write 
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** have attempted to bring to the reader a social psychology which adequately 
covers both the subjective and objective aspects of the individual as he 
adjusts in the social and material world around him They have certainly 
succeeded in their attempt in an admirable manner. 

F. A. 


Scientists are Human. By David Lindsay Watson. [Pp. xx + 249,} 
(London: C. A. Watts & Co., Ltd., 1938. 7e, 6d. net,) 

This is a book that should be read by all those who believe that they are 
. entitled to be called scientists. At the present time when fashions in science 
are so marked, it is salutary to he reminded that science is an activity of 
human beings and therefore likely to be distorted by the contemporary 
world outlook. This, of course, is not a new idea and the author mentions 
Spengler as having shown how science reflects the cultural processes affecting 
equally the social customs, art, architecture, philosophy and mathematics 
of any given age. 

First comes a chapter throwing doubt even on the arguments of the 
classical logicians, and then a discussion of the scientific genius showing also 
how, whenever science becomes respectable, it tends to become fossilised 
through the agency of the universities, and the learned societies whose 
referees delay publication of papers that do not conform to the prevailing 
ideas. Thus Waterston’s paper establishing the identity of temperature and 
average molecular velocity in a gas was stated by the Royal Society referee 
to be “ nothing but nonsense, unfit even for reading before the Society,’^ 
and Fourier’s great paper on the propagation of heat was rejected by a 
committee of the French Academy, and this committee consisted of Laplace, 
Lagrange and Legendre ! 

There are many passages that might be quoted to show that the author 
has more than ordinary insight : for iustance {p, 78), ** The mystical is 
merely that which requires a leap of the imagination, which cannot be 
conve3red unambiguously in the language already acceptable in a given field. 
It follows that all important new work can rightly be accused of being 
rhystical ” and (p. 82), “ The institutions and conventions of the scientific 
movement are at present organised to suit the unselfconscious man—^the 
man who is incurious about how his mind works or how his motives come 
to him. The recent return of philosophy to a reputable status in the minds 
of scientists is a sign that the next oscillation has begun, and that the extro¬ 
verts are losing their grip. There are always jobs to be done in science with 
which only the introvert personality can hope to grapple successfully.” 

After demolishing the faulty view that knowledge consists only in 
measurement, the author develops his own views on the similarity of forms 
and ideas and concludes, “ It is my belief that the science of the future will 
more and mom turn away from its present mechanistic devices towards the 
use of the intuitive discernment of similarity—as the foundation on which 
its whole structure r^ts ” (p. 191). 

A piquant, controversial, and sometimes biting commentary on those 
maa of genius, pot-boilers, successful plagiarists and exhibitionists that are 
to be found In the world of science. 

"■G. B. B. . 
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Physical Science in Modern Life. By E. G. Riohabdson, B.A., 
Ph,D., D.So. [Pp. 266, with 60 jfigiireR, including 16 plates.] (Lon¬ 
don : Tlio English XJnivorsitios Press, Ltd,, 1938. 85 . 6 d. not.) 

The author is to bo congratulated on producing a book that should interest 
ovoryono. It is entirely non-mathematical, in the sense that no mathe¬ 
matical symbols arc used, although the mathematics is really there. As 
would bo expected, the mechanical part predominates, the chapters on 
Streams and Eddies and on Supersonics being particularly instructive. The 
chapter on Heat does not lend itself to such a variety of treatment, but 
this is compensated in that on Light, where infra-red photography, the 
photo-electric cell and television are treated. 

On the borderline between Chemistry and Physics the subject of Colloids 
finds a place, and this chapter will appeal to all who are interested in noatters 
varying from quicksands to fogs. 

The author departs from the usual course in giving an interesting chapter 
on Sensation, of which one or two points call for comment. It is doubtful 
whether the fact that one becomes imconscious of a long-continued noise 
but conscious of its cessation, is due to the fatigue of the transmitting nerves ; 
for it is common experience that the ticking of a clock in a room soon ceases 
to be hoard although its stopping is immediately noticed. The feeble 
impulses due to the clock ticking can hardly produce fatigue in the trans¬ 
mitting nerve. 

There can scarcely be anyone who would not enjoy spending a few 
instructive hours in reading the book. 

S. G. S. 

Physical Geography for Indian Students. By Cyril S. Fox, D.Sc., 
M.I.Min,E., F.G.S. [Pp. xii - 1 - 664, with 284 figures and 6 folding 
plates.] (London: Macmillan & Co., Ltd., 1938. 7s, 6d.) 

SnsrcK the publication of H, F, Blanford’s Rudiments of Physical Geography^ 
last revised in 1884, there have been few, if any, books devoted exclusively 
to the physical aspects of geography in India, and Dr. Cyril S. Fox of the 
Geological Survey of India set himself the task of filling the gap by preparing 
a full and authoritative work. Ho secured the collaboration of several of 
his colleagues, including D. H. Wadia and J. A. Dunn, as well as of the 
Surveyor General of India and the Director of the Zoological Survey, each 
of whom prepared chapters. But the project never materialised and the 
matter was used instead to prepare an Indian edition of Simmons and 
Stenhouse’s Class-^Book of Physical Geography, Much new wine has thus 
been poured into an old and indeed old-fashioned bottle still half fuU of 
old wine. Excellent modem half-tone blocks appear side by side with old 
steel engravings and records of modem researches on the same page as 
references to work of fifty years ago. Indian students will be puzzled by 
the picture of a sundial at Sandringham and many other English allusions. 
The somewhat rigid methodology of the original book is retained: each 
chapter is introduced by a number of practical exercises. Some of these 
were never successful in England [e,g, “ brash a piece of natural chalk with 
a stiff tooth brush in water and examine the sediment for small shells ”) 
and will be incomprehensible in India. Similarly the author seems to have 
been imduly influenced by the viewpoints of the past, as when geomorphology 
remains unmentioned and a mountain in Burma is called Puppa Doung 
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after the maimer of seventy years ago. Despite these blemishes there is 
much of value in the book and it may be cordially recommended to British 
readers for the excellent series of photos and descriptive notes of geomorpho- 
logical features in India. 

L. B. S. 


The South: Its Economic-Geographic Development. By A. E. 
Babken'S. [Pp. x + 528, with 154 figures.] (New York: John 
Wiley & Sons, Inc.; London: Chapman & Hall, Ltd,, 1938. 25s. 

net.) 

The author indicates in his preface that his purpose is to describe, from 
an evolutionary point of view, the civilisation of the South, and to interpret 
it in its regional setting and its historical antecedents. Later he says 
explicitly that he has “ made no conscious effort to keep the material . . . 
within the recognised boundaries of any one or two academic subject-matter 
fields.” One might be pardoned for suspecting from this an excessive 
discursiveness and a lack of focus in the book. In fact, there is nothing 
of the sort. The central problem is the growth in area, in intensity and in 
complexity of the economic life of the South, and every chapter adds its 
quota of material and helps to give definition to the general picture. If a 
fault can be found, it is perhaps that the initial treatment of the physique, 
climate and soils of the region is rather slight as a foundation for the treat¬ 
ment of the human aspects superimposed upon it. But there is something 
of the reformer as weU as of the economic geographer in Professor Parkins, 
His study of the soils, the agriculture, the forest resources and the mineral 
wealth, for example, does not stop short at their nature and distribution 
but brings out the mistakes that have been made, and are being made, in 
their exploitation, and points the way to wiser development. A word of 
special commendation is due for the efrort the author has made to find solid 
ground for assessing the real cost to the community of inland water transport 
and for the thoroughness of his comparison of the advantages of the South, 
^d of New England for the cotton-manufacturing industry. The work is 
copiously and appropriately illustrated and contains an adequate index and 
an excellent bibliography. Altogether it is a valuable contribution to the 
geographical literature on North America. 

E. 0. B. 


Physiography of Eastern United States. By N. M. - Eemotimak. 
[Pp. xiv -h 714, with 197 figures and 6 folding plates.] (New York 
md London; McGraw-Hill Publishing Co., Ltd., 1938. 36^. net.) 

The term '‘ physiography is used in this book, and commonly in North 
America as approximately equivalent to " geomorphology,” which is used 
in this coimtiy. It is the study of the forms of the land surface in their 
distribution and evolution, and is thus the area in which geography and 
^ology overlap. It is only part of " physiography ” as that term was used 
by Huxley, and later workers. 

This book is made up of a well-arranged series of descriptive accoimts 
, of the natural landscapes of the eastern half of the United States, based on 
the very numerous memoirs of Federal and State surveyors, and of American 
geologists and geographers. The physiographic provinces are those adopted 
by the Geological Survey, with a few small variations of boundaries. These 
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“ provinces,” and the principal “ sections ” into which they are subdivided, 
are shown on the eight plates of maps included. These are supplemented 
by about 200 figures in the text, mainly diagrammatic maps and sections 
but including a number of landscape photographs. A careful reading of 
any section, with its illustrations which are essential parts of the description, 
will enable anyone familiar with the terminology of modem geomorphology 
to visualise the landscapes clearly in as much detail as the scale allows. 
The description of a “ section ” is usually preceded by a paragraph on its 
general relations and ended by a summary of its physical history ; but the 
greater part of the book is occupied by detailed descriptions of the several 
landscape-groups (or “ tracts ”) such as The Black Belt of Alabama, The 
Everglades of Florida, and so on. These are grouped in a rational order, 
well-proportioned to the scientific rather than to the human importance of 
the areas, and well indexed; so that it is easy to find the accmmt of any 
particular district. 

Together with the companion volume on the Western United States this 
book forms an invaluable reference work on the topography of that coimtry, 
well illustrated and abundantly documented so that the reader can readily 
refer to the original works. It is likely to take rank as the standard work 
on its subject. It is a great monument to the abilities and industry of its 
author, who has long been recognised as one of the leading students and 
teachers of geomoiphology in America. 

C. B. F. 


The Air and Its Mysteries. By 0. M. Botuby. [Pp. xvi -f 296, with 
1 coloured plate, 16 black and white plates and 23 figures.] (London : 
G. Bell & Sons, Ltd., 1938. 8s. 6d, net.) 

Hebe is another book that aims at giving to the intelligent general public 
a simplified version of what is known about the air. It should be noticed 
at once that it is the air, and not merely the physics of the air (meteorology), 
that forms the subject matter. Meteorology, it is true, is dealt with very 
faithfully, but the book goes far beyond that, ranging, for example, over 
the problem of flight, the influence of wind on plant and animal life, the 
ftmction of air in human breathing, and Wagner’s thunderstorm music. 
This mention of Wagner brings up the second major characteristic of this 
particular book: throughout the work the author has enriched the treat¬ 
ment by drawing on a wide acquaintance not only with science and human 
affairs, but also with literature, music and art. The result is very satisfying ; 
the content is sound and the style attractive, <In short, if the reviewer’s 
enjoyment of it is a fair criterion, this is a ** popiflar ” book which should 
become very popular indeed. 

R. O. B. 

Elements of Statistical Method. By Albebt E. Waugh. [Pp- 
xvi + 381, with 43 figures,] (New York and London : McOraw-Hjll 
Publishing Co., Ltd., 1938. 21a. net.) 

Tbob book provides iostruction in the use of the simpler statistical ; 
with a bias towards economic applications. It covers the descripfaon ^ 
firequency distributions, the use of the normal curve tables, ireatm^ ^ 
‘‘historical data” (i.c. time series and index numbers), and simple and 
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mult;iple correlation. The last two chapters of the book contain useful notes 
on the collection and presentation of statistical data. 

Especial care is devoted to emphasising the dangers of rash applications 
of statistical method to data which do not justify such treatment. 

The tone of the book is somewhat didactic. Buies of procedure are 
sometimes given with inadequate explanation. This would have a confusing 
effect on the reader. An example is the “ rule ” for adjusting N in small 
samples given on page 163. This feature does not, however, seriously detract 
from the value of the book in providing a pleasant path for persons needing 
to acquaint themselves with the use of elementary statistical method. 

A technical error was noticed on page 267. In the equation in the middle 
of the page, reading 

r' = . . . = 0-44:1 

r' should be replaced by (r')^. The incorrect value of r' is used in the 
subsequent pages. 

N. L, J. 

Dictionary of Scientific Terms. By C. M. Bbapnbll, C.B., P.Z.S. 
[Pp. X + 235,] (London : C, A. Watts & Co., Ltd., 1038. Library 
edition, 5s, net; “ Thinker’s Library edition. Is, net.) 

To compress the nomenclature of science into 235 small pages, so that the 
results may appeal to the specialist, is no longer possible. The chemist and 
the botanist will not turn to Beadnell for information about chemical and 
botanical terms respectively. On the other hand, the chemist who meets 
with uDfamiliar botanical terms wiE fbad something to satisfy his curiosity, 
and vice versa. The person, however, who will find the book most useful is 
the educated non-scientist who is not prepared to skip every passage which 
contains a few technical terms, and it is clear from the author’s preface that 
these are the readers for whom especially he has prepared his volume. For 
this purpose it may be recommended. 

The book suffers from the inevitable defects of compression. The chemist 
(fin? example, the reviewer) feels vaguely embarrassed when he finds " oxygen ” 
paragraphed together with “ oxygnathous,” “ oxyntic,” and oxyphilic,” 
a n d regrets the absence of a dei^tion of “ oxidation,” a term which often 
causes serious difficulty to the non-specialist. 

Some of the definitions will not satisfy the critical. “ Amphoteric ” is 
qmte well explained by capable of acting as acid or base,” but scarcely 
' by the alternative definition, “ Neutral—^not acid nor alkaline.” 

(1) Testa (^.-u.) ” should not be followed by Tesia, (1) Test 

Cf.e.)” 

Ihe dictionary gives rather more copious information on the biological 
than ^be physic^ and chemical side. 

One cannot expect a whole technical library for a shilling, at which price 
the book ajjears m ‘* Tbe Thinker’s libtao^ whb e:sqmd,H^ 

modest ” -s® ffnd they hiaye r^^tved good value for their mimey; 

The and bo^ editions is excellent, and the binding 

of ihe five shilliiig jMn^ary Edition is very substantial. 

- 'K. G. B.‘, 
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The Officieil Year-Book of the Scientific and Learned Societies 
of Great Britain and Ireland. Fifty-fifth annual issue. [Pp. 
viii + 169.] (London : Charles Griffin & Co., Ltd., 1938. lOa. net.) 

Once again wo greet the appearance of this valuable reference-book, which 
collects and adequately indexes a mass of information regarding the societies’ 
ofiicers, membership fees, meetings and publications. The writer uses it 
constantly and has very rarely known it to fail him. Its slim bulk, pleasant 
print and good binding are, moreover, advantages too often lacking in 
volumes of its class. A few minor improvements might be considered for 
the next edition. The address given most prominently is in some oases not 
that at which correspondence can be sure of immediate attention, but merely 
the meeting-place of the society; for instance, “ The Hunterian Society, 
Simpson’s Restaurant, Cheapside, E.C.2 ” ; the Secretary’s name and address 
appearing later on. Any special qualifications, as well as the fees, required 
for membership, should surely be mentioned ; the number of members might 
be noted in more cases ; and an effort might be made to give a postal address 
for every scientist or official mentioned. Those improvements depend, no 
doubt, less on the editor, whose work is admirably done, than on the full 
co-operation of those officers of societies who are asked for information. 
Perhaps some of them, reading this notice, may be moved to devote par¬ 
ticular attention to their returns for the next issue, and make the volume 
an even more complete conspectus of the world of English science. 

P. J. E. 
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The Editob, 

“SOIBNOE PROGItESS.’* 

Dear Sib, 

Please permit me to reply to Prof. MacBride’s attack in your columns 
on my More Difficulties of the Evolution Theory. Parturiunt montes, nascitur 
ridiculus mus. Although Prof. MacBride says he has not space to “ expose 
all the errors in my book, he devotes about one-twelfth of his review to 
such “ errors,” in the remainder he airs his views on evolution. He points 
out two errors ” and one untenable argument of mine. 

My first “ error ” is the assertion that the human os coccyx is not a relic 
of an ancestral tail. Prof. MacBride thinks that this is an error because 
in the embryo it appears as a short tail which is regarded by every com¬ 
parative anatomist as evidence that the human skeleton has been evolved 
jBcom that of a simian ancestor.” Quite apart from the fact that apes have 
no taE and monkeys are not the only vertebrates that have long tails, some 
comparative anatomists, e.gr. Profs* Max Westenhof and A. Pleischmaim, 
do not believe that the os coccyx is the remnant of a long-taEed ancestor. 

My second error ” is, According to Mr* Dewar . . * all these varied 
types (of fossil horses) wandered in firom the north.” This is a travesty of 
what I say, mz .: “ Since the Palseocene 37 new families of mammals make 
ttoir aj^>earance in the rocks of Etprope and Horth America. There is no 
proof of the origin of any of these from any other known famEy. They 
seem to be immigrants firom the Horth; they make their appearances at 
various times. Prom this it is not unreasonable to suppose that the various 
types of horses found fossE in Europe and North America may likewise have 
l^n immigrants ^m the North, and that the one-toed species were the 
lafc^t immigrants,” 

in his attempt to controvert my assertion that the unfossiliferous nature 
of all pre-Cambrian rocks, coupled with the large number of fossils in the 
Cambrian rocks, is a very serious objection to the evolution theory, Prof* 
MacBidde writes; If we reflect that . . * all pre-Cambrian rocks are of 
indurated material in which no delicate structure could survive, the value 
of this argument of Mr. Dewar’s must be apparent 1 ” That this statement 
of Prof, MacBride is mcorrect is demonsirated. Eor example, the 

pm-(^uhbrian Cuddapah group of India condsts of “ Normal sedimentary 
; deposife ” (P. X«eke). The entire series erf Cuddapah rocks,” writ^ D, N. 

of India, p. 72), “ are totaEy xoifio^filrferou^ no signs of life 
/ ^ ubBt with in this vast pEe of marine sediments. This looks quite 
: i^nee not only are the ro<ks veiry wen fitted contain and 

C psraserve some relics of the seas in which they were formed, but also all 
n^oebanic^ which usually obliterate such relics, are absent from 
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them. . . . (In) . . . formations immediately subsequent to the Cudda- 
pahs ... we find evidence of fossil organisms which, though the earliest 
animals to be discovered, are by no means the simplest or the most primitive.” 

Yours, etc,, 

Douglas Dewar. 


The Editor or 

“ SoiENOE Progress.” 

Dear Sir, 

I should like to deal with Mr. Douglas Dewar’s reply to my review on 
Evolution which appeared in your last issue. 

I wish first of all to get into Mr. Dewar’s head that evolution is no longer 
a theory but a proven fact experimentally demonstrated in the laboratory. 
I consider that this is an epoch-making event, the greatest discovery ever 
made in Biology. 

He asserts that the coccyx in the human skeleton cannot be the vestige 
of the tail of a Simian ancestor because Prof. Fleischmann does not think 
so. The coccyx in the human skeleton is represented in the embryo by a 
tail of decent length and no sane man can doubt for an instant that the 
coccyx must be the remnant of the tail of an ape-like ancestor. 

The succession of horse-like ancestors found in North America, the so- 
called lineage series, was what convinced Huxley finally of the truth of the 
Evolution theory during his visit to America in 1878. Mr. Dewar tries to 
get over this evidence by supposing that the succession of horse ancestors 
wandered in from the north and that there is no evidence that one was 
derived firom the other. With aU respect, Mr. Dewar does not know what 
he is talking about. In these “ lineage series ” we find a great mass of beds 
deposited in one place and in them w© find the whole series of ancestors 
from the four-toed precursor to the modem one-toed horse. It is impossible 
to say where one species ends and the next one begins, the gradation is so 
perfect. No “ wandering in from the North ” will explain this; evolution 
took place in the locality where the beds were deposited. There are equally 
good lineage series in Britain, but as they are concerned with sea urchins 
—^ammals unfamiliar to the laity—^the lineage series of the horse are those 
most usually described to the non-zoological public. 

Finally in his book Mr. Dewar adduced as a conclusive argument against 
evolution the unfossiliferous character of the Cambrian rocks. From his 
reply it is obvious that this was a slip of the pen, and that he meant to say pre- 
Cambrian. But even so his statement is not true. In the Huronian rocks 
of North American fossils have been found and in the Torridonian rocks of 
Scotland well-preserved worm tubes appear bearing unmistakable impressions 
of the bodies of their former occupants. 

Faithfully yours, 

E. W. MaoBripe. 
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THE COSMOLOGICAL CONTROVERSY 

By Sir ARTBXTR EDDINGTON. M.A., F.R.S. 

Pbmim Prcfessor of Jjilronomy and Bxpenmmldl Pltih/eophy in the Vniversay of Cambridge 

Moee than twenty years ago the Amdamental equations of the theory 
of relativity reached a settled form which has lasted to the present 
day. One of the consequences deduced from them is that matter 
is subject to a force called cosmical r&pvlsion. This is of the nature 
of a scattering force, which tends to make all objects increase their 
mutual distances apart and is not directed from any one absolute 
centre; but as viewed from an arbitrarily chosen point it amoimts 
to a repulsive force from that point which increases proportionately 
to the distance. Clearly the best chance of detecting such a force 
is to observe objects as remote as possible. There is no sign of 
cosmical repulsion in the systems ordinarily studied in dynamical 
astronomy, presumably because they cover too small a distance; 
but it was suggested that it might be manifested in the motions of 
the spiral nebulae. 

TMs prediction, when it was made, was necessarily conditional. 
Firstly, the status of the spiral nebulae at that time had. not been 
definitely settled ; though a number of astronomers believed them 
to be external galaxies (as Sir William Herschel had done a hundred 
years before), others believed them to be comparatively small 
objects at no more than ordinary stellar distances. Secondly, even 
anticipating our present knowledge of their enormous distances, 
there was no guarantee that such distances would be sufficient to 
make the cosmical repulsion appreciable, for the theory did not 
suggest any particular magnitude of the force. Just as relativity 
theory provides the form of Einstein’s law of gravitation but does 
not determine the “ constant of gravitation,” so it provides the form 
of the law of cosmical repulsion but does not determine the 
“ cosmical constant ” which fixes the amount of repulsion. Thirdly, 
even if strong enough to be detected when acting alone, the reptdiSdn 
might be outweighed by the gravitational attraction between &e: 
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spiral nebulae which tends to hold them together ; only if the mean 
density throughout the region surveyed is so low that the gravita¬ 
tional attraction is leas than the cosmical repulsion, will the net effect 
be a scattering apart. There was therefore no certainty, but there 
was a reasonable hope of finding the repulsion effect. 

By 1922 some forty radial velocities of spiral nebulae had been 
determined, which showed that with three or four exceptions (easily 
accounted for) these objects had large velocities of recession such as 
would be produced by a repulsive force. Thus the existence of the 
cosmical-repulsion effect seemed highly probable. More precise 
confirmation was obtained in 1929, when Hubble introduced esti¬ 
mates of the distance of the nebulae and was able to show that the 
speed of recession was proportional to the distance, as the theory 
required. The survey now covers more than 200 nebulae and 
extends up to distances of the order 260 million light-years and 
receding velocities of 40,000 km. per sec. Besides the satisfaction 
of observing a phenomenon which theory had shown to be likely to 
occuir, we obtain from these astronomical measurements a deter¬ 
mination of the magnitude of the cosmical repulsion (previously 
unknown) and of the cosmical constant on which it depends. The 
fact that it is the only direct observational method of determining 
this fundamental constant of nature greatly enhances the importance 
for physics generally of the study of the distances and velocities 
of the extragalactic nebul®. 

, The scattering apart of the galaxies may well rank as one of the 
dame exam^bs of a phenomenon, rather surprising according to 
the ideas of the time, whidi was foreseen by theory and afterwards 
found in observation. This kind of success rightly gives increase of 
ccmfitdence in a theory. It is, of course, true that there have been 
eases in which an apparent confirmation has flattered to deceive; 
but if we axe hesitating as to the lines on which further advances 
of science should be attempted we can scarcely do better than take 
agreement of this kind as a guide. Most of the frontiers of scientific 
iheary are b^t by difficulties and tmeertainties which can only be 
inet in a tentative way; in comparison the “ expanding universe 
^eoiy ” is a dradghtforward advance which gives no particular 
ooea^n for dbubt. It is therefore somewhat of an anomaly that 
eosmolcgy dtduld be so widdy regarded as a precarious region of 
thought, where physicists , are baffied for lack of a clear lead and are 
ri^y to encomage the wildest hypothesis as a way out of the 
^cnlti^. I will try in this article to lay some of the dust which 
is obseurihg-the pr^^t sitoation. 

We may consider first the view, advocated especially by E. P. 
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Hubble, that the observed radial velocities are spurious, the red- 
shift of the spectral lines being due not to Doppler effect but to 
some other unassigned cause. The professional sceptic who, when 
the observations agree with theory, falls back on the suggestion that 
the effect is not a confirmation of the theory but is due to some 
cause at present unknown to science, requires no answer. But 
Hubble’s objection is more specifilc ; he claims that there is observa¬ 
tional evidence discordant with the view that the red-shift is a 
Doppler effect, but consistent with the view that it is a distance 
effect in a static universe. This evidence is derived from statistics 
of the magnitudes of faint nebulae, the red-shift of the light being 
so large that it sensibly affects their luminosities. But I do not 
think that any real discordance has been established • the agreement 
of observation with the relativity theory seems to be as close as 
could be expected on any rea/sonable estimate of the accidental and 
systematic errors of the investigation. So far as I have been able 
to ascertain, most of the expert observers are of this opinion. But 
it is not essential to press this criticism of the data. Hubble assumed 
a perfectly uniform large-scale distribution of the nebulae ; primarily 
therefore a discordance ” would be, not a reason for throwing 
over the existing theories of physios, but an indication of the devia¬ 
tion of the distribution from uniformity. The indication is that the 
average density in a somewhat large region surrounding our own 
galaxy is 30 per cent, less than in the whole region accessible to 
observation. As already stated, I do not think that any weight 
can be attached to this determination, but it is not inherently 
improbable. To those familiar with the irregularity of distribution 
of the brighter nebulae, the extent to which it is evened out in the 
large-scale distribution is rather surprising; and the natural con¬ 
clusion from Hubble’s investigation is that the system of the galaxies 
is much more uniform than had previously been suspected. 

It is no part of the relativistic theory of cosmogony to assume 
a uniform large-scale distribution of matter throughout the universe. 
As to that we are content to accept whatever data astronomical 
observation may provide. Naturally the case of uniform density is 
the fiirst example to be worked out in detail—as in other subjects. 
If attention has mostly been confined to this, it is because we are 
still waiting for observation to suggest a type of non-uniformity 
which it would be of practical importance to examine. But, besides 
the ‘‘ uniform spherical world,” the growth of condensations and 
rarefactions, which has an important bearing on problems of evolu¬ 
tion, has also been ve:^ extenmyely studied by a number 
'investigators., ' ^ V.;, 
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If the uniform distribution continues indefinitely, the part of the 
universe included in our present astronomical survey bears to the 
whole universe about the same ratio that Ireland bears to the whole 
surface of the earth. It has been objected that it would be a rash 
generalisation for an Irishman to suppose that the rest of the earth 
is just like Ireland. Nevertheless it seems to me that the Irishman 
who has a correct impression of what the earth as a whole would 
be like if the rest of it were like Ireland is in a somewhat better 
position than one who has a false impression of what it would be like. 
We are not sme whether the system of galaxies comes to an end 
shortly beyond the limits of our present survey or whether it con¬ 
tinues ; and in preparation for farther advances we have to con¬ 
sider both possibilities. In practice this means that we have to 
make an extensive study of the second alternative, since many of 
its consequences are not at aU obvious without mathematical 
analysis; whereas in regard to the first alternative there is little 
to be said except that we recognise it as a possibility. 

Another type of critic accepts the genuineness of the nebular 
velocities—^that is to say he accepts the expansion of the system 
of the galaxies as a fact—but he attributes it to some other cause 
than the cosmical repulsion predicted by relativity theory. 
Prominent among these are the kinematical cosmologists led by 
E. A. Milne. Before dealing with kinematical cosmology it is 
desirable to make dear certain points which seem not to be generally 
appreciated. 

It would be meaningless to speak of the expansion of the universe 
without a clear understanding as to the standard of length with 
which its dimensions are being compared. When we contemplate 
slow changes of material systems, of the dimensions of space, or 
even of the fundamental constants of nature, it is implied that 
ive have a standard of length defined throughout aU time. We 
do not look upon a particular bar of material, such as the Paris 
metre, as the ultimate standard for such purposes; the fact that 
we feel anxiety as to its permanence shows that we have iu mind 
a more ideal standard with which it might be compared. This 
ideal is a physical structure not necessarily permanent but repro¬ 
ducible, e.gr. a rod of some particular Mad of crystal containing in its 
length a specified number of lattice intervals. 

A general definition of the standard of length in physics is 
arrived at from the following considerations. The defikiitions of 
length and time-extension stand at the beginning of physios, and 
the other physical quantities presuppose that these have been defined. 
Thus when we are specifying the standard of length, the terms 
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length ” and time ” and the usual derived physical quantities 
are not yet available. The quantitative part of the specification 
must therefore consist of pure numbers only. The method of 
specifying physical structure by pure numbers is developed in 
quantum theory—^numbers of elementary particles whose mutual 
arrangement is defined by quantum numbers. The necessary 
standard of length is therefore a qtmbtum-specified standard. All 
such standards are fundamentally equivalent; for the extension 
of a quantum-specified structure is determined by the quantum 
equations as a definite numerical multiple of the theoretical unit 
h/mc. Even if h, m, and c individually vary with time, two 
quantum-specified standards preserve a constant ratio to one 
another. A time-periodicity in a quantum-specified structure 
furnishes similarly the standard of time-extension. 

The quantum-specified standard accepted in theoretical physics 
(relativity theory and quantum theory) is also recognised in 
practical metrology, e,g. the wave length of cadmium light or the 
grating-space of calcite. Acceptance by the practical physicists is 
important; because sooner or later theoretical conclusions must be 
submitted to practical test, and if the theorist and the experimenter 
are using length ” and “ time,’’ and the other physical quantities 
depending on them, with different meanings the test is vitiated. 
The quantum-specified standard is reproducible in the remotest 
nebula and at any time past or future, so that it suffices for the 
utmost demands of cosmogony. There is therefore no excuse for the 
eosmogonist to deviate from the usage in other branches of physics. 

Certain difficulties arise in the precise definition of length, which 
have important applications. For example, Einstein’s theory of 
the gravitational field depends on the fact that a short standard 
is precisely defined, but not a long standard. But in the present 
connection questions of precision are irrelevant, and it is amply 
sufficient to define length and time 10® years ago with an accuracy 
of, say, 1 per cent. Much of the recent confusion over cosmogony 
arises from the idea that the reckoning of time and space in the 
remote past is altogether arbitrary. We find, for example, the 
suggestion that the cramped time-scale now accepted might be 
extended by a logarithmic transformation of time-reckoning which 
would put back the ‘‘beginning ” from 2-10® years ago to minus 
infinity. Such arguments were familiar in the days of Chaucer: 

Ye coime by argumeiites make a place 
A myle brood of twenty foot of space. 

Lat see now if this place may suffyse, 

Or make it roum with speche, as is youre gyse. 
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Kinematical cosmology seems to me perverted from the start 
hy this mistaken impression that the customary reckoning of length 
and time becomes ambiguous in apphcations on so vast a scale; 
so that we need to introduce a new system of metrical ideas designed 
specially for the cosmological problem. It contemplates physicists, 
who are not allowed to use quantum-specified standards, but con¬ 
trive to set up (in very specialised conditions) a system of space 
and time reckoning by interchanging light signals and commimicat- 
ing to one another the results. But by developing the subject on 
this basis cosmogony is cut off from the rest of physics, whereas our 
aim should rather be unification. It is perhaps the intention of the 
kinematical cosmologists to remedy this later by transforming the 
rest of physics to the same basis. But the transformation can 
scarcely include the practical physicist, who will not easily be per¬ 
suaded to give up the use of his standards when called upon to 
verify the results. 

The actual results reached in Milne’s kinematical cosmology are 
only surprising to those who have not realised that if you alter 
the meaning of words you can make any statement true. As Milne 
does not define length and time in the customary way, his con¬ 
clusions require translating. A number of writers have furnished 
translations, and it appears that when translated there is little, if 
any, difference from the relativity theory of the expanding universe. 
Ostensibly th(®e is one point of difference ; the relativity formulse 
give an accelerated increase of the radius of the universe, whereas 
contemplates a universe whose radius increases uniformly. 
But the uniform rate refera to MDne’s own time reckoning and 
Is not necessarily inconsistent with an accelerated expansion as 
ocBxeetly defined. 

If there is any real difference it is purely incidental. The 
relativity formulae cover both uniform expansion and expansion 
with arbitrarily chosen acceleration. The criterion which decides 
against uniform eaqpansion and fixes the precise law of acceleration 
is the actual rate of conversion of bound energy into radiant energy, 
or vice versa, oecumng in the universe. In relativity theory, which 
does not serrate cosmogony from the rest of physics, we freely 
employ our general knowledge that the rate of conversion is com- 
|wratively slow, and so select the case which corresponds approxi¬ 
mately to the actual conditions of the universe. Milne, on the other 
hand, exeludmg aU phypoal knowle<^ except that which is 
ex|didtfy derived from his cosmological postulates, does not reach 
the point of discoveri^ and appi3dng this eiiterioh, and selects the 
ca® (uniform expansion) Which he finds simplest to work out. 
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According to a widespread impression, one of the most interesting 
tasks aw'aiting the 200-inch reflector now' being constructed is to 
decide between two conflicting theories of cosmogony. I do not 
think that any question of that kind is pending. The new telescope 
will doubtless furnish very valuable data, which may or may not 
fulfil the anticipations of the present theory. It will be particularly 
important if the data go far enough to test the acceleration of 
expansion which relativity theory predicts ; though I am afraid 
this can scarcely be expected, owing to the difficulty of separating 
an acceleration effect jfrom the effect of a slight non-uniformity of 
density. But there exists no alternative prediction—except in so 
far as the opponents of a theory naturally predict its downfall. 
No theory predicts uniform expansion. One theoretical investiga¬ 
tion assumes uniform expansion ; but that is quite a different matter. 
The position is similar to that of testing experimentally a prediction 
of quantum theory as to the law of force between the atoms of a gas. 
It will be remembered that Maxwell assumed a law of force varying 
as the inverse fifth power, because it led to equations which were 
easily integrable. But we should scarcely describe the experiment 
as an attempt to decide between the quantum prediction and the 
Maxwellian assumption. 

Other misunderstandings have arisen through not recognismg 
the essential differences between pure mathematics, experimental 
science and observational science— a> type of misunderstanding 
particularly liable to arise in a subject in which all three types of 
investigators have a legitimate share. We predict a repulsive force 
sensible at great distances, and expect therefore to find objects at 
great distances moving away. But there is no actual necessity that 
bodies should be found moving in the direction in which the field 
of force points. We might perhaps regard it as good fortune that, 
when Newton was contemplating the causes of motion of the moon, 
his attention was struck by falling apples rather than by a display 
of rockets. In experimental science we can to a large extent 
control the conditions ; but in observational science we must simply 
recognise that we may be at the mercy of impish tricks of Nature 
to deceive us, and do our best under the circumstances. There 
are many possibilities, which caimot be strictly disproved, but 
which we may not unreasonably relegate to the category of “ far¬ 
fetched.'^ 

Again there are some who demand in cosmological study a kind 
of security unknown in the rest of physics. It is made the occasion 
for a lecture on the fallibility of human knowledge, and the possi¬ 
bility that even the most deep-rooted principles accepted by 
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physicists may be mistaken. I do not regard cosmology as one of 
the more precariotis fields of advance ; but it is not suggested that 
in the expanding universe and its implications we have found the 
solid rock which will endure when the present system of modem 
physics, comprised in wave mechanics and relativity theory, has 
crumbled to ruins. It has rather been our aim to unify cosmology 
with the rest of physics, so that it will stand or fall or evolve as part 
of it. 

The observed expansion of the system of the galaxies gives a 
welcome confirmation of the existence of cosmical repulsion ; but 
any attempt to reverse the argument and deduce the existence of 
nna mi nnl repulsion solely from the astronomical observations would 
be entirely unconvincing. Many have expressed doubts as to the 
existence of cosmical repulsion; but such opinions are discounted 
by the fact that they are based on a survey of observational evidence 
which is admittedly insufficient to establish it, and not on an examin¬ 
ation of the theoretical arguments which are much more convincing. 
It may therefore be of interest to give a brief indication of why it is 
foimd necessary to introduce a cosmical constant in general relativity 
theory. 

The energy-density, momentum and stress of a physical system 
ere grouped together in an expression T^ which is called the “ energy 
tensor.” A crucial step in relatiyiiy theory is the expression of T^,^ 
in tetms of the “ fundamental tensor ” which specifies the metric 
(^ space-time. It is characteristic of energy and momentum that 
ii®y satisfy a law of conservation; we have therefore to seek a 
tensor expression which is a function of (and its derivatives) and 
satisfies the conditions of conservation. These conditions are almost 
efficient to determine a unique expression which was accord¬ 
ingly identified with Tj^ in the earliest form of the theory. But it 
was later noticed that the fundamental tensor g^ itself satisfies the 
law of conservation, so that we can add or subtract from an 
arbitrary multiple of without upsetting conservation. In effect 
fhmi, knowing nothing about energy and momentum except that 
fhey are conserved, we deduce that the most general possible 
ulmtification is To^ = — Xg^, where A is an arbitrary constant 

or zero. The constant introduced in this way is the cosmical 
constimt;; ami, in deriving the equations of motion corresponding 
to this identification of the energy tensor, we obtain an additional 
team invdM^ A which can be interpreted as a repulsive force, 
,naBidy cGsam 

The constant A ma>y be regarded as fiyitig a zero from, which 
enea^gy, momentum and; stress are reckoued. The “reckoned” 
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energy is then the difference between the actual “ absolute ” 
energy K^^and the “ absolute ” energy in a standard zero condition. 
If we are contemplating a limited region of space it is natural to 
take emptiness as the standard zero condition—^the energy in a 
region is that which we should have to take away in order to leave 
it a complete vacuum. But a standard zero condition for the whole 
universe cannot be defined in that way. A region can be emptied 
by transferring the matter elsewhere; but to empty the universe 
would involve, not transference, but annihilation of matter and 
energy. It would be absurd to define our reckoning of energy by 
reference to a fictitious process which conflicts with the most 
important property of energy, namely its conservation. Without 
entering further into technicalities, we may be content to notice 
this very important point which arises in seeking a self-consistent 
definition of the zero of energy reckoning. The requirement that 
the zero condition shall correspond to a possible rearrangement of 
the matter of the universe decides that the cosmical constant A 
shall not be zero. 

Although relativity theory made no definite prediction of the 
value of the cosmical constant, it was noticed that the observed 
recession of the galaxies was of an order of magnitude which might 
be expected on general grounds. If the recession were to continue 
at the rate at present observed the distances of the galaxies would 
be doubled in 1300 million years; or, following the more usual 
mathematical mode of expression, they would be increased in the 
ratio e in 2 X 10® years (e being the Napierian base). We call the 
time in which the dimensions of the system of the galaxies become 
multiplied m. the ratio e the time of relaxation of the system. Let us 
express this time in terms of the natural unit of time furnished by 
atomic physios. The natural unit of length is the quantity e^/mo^, 
at one time thought to represent the radius of an electron but now 
more usually associated with the range of nuclear forces; this is 
about 3 X 10'^* cm. Light takes about 10"“ sec. to travel this 
distance, and this furnishes us with an atomic unit of time. The 
time of relaxation (2 x 10® years) is roughly 10** atomic units. We 
recognise 10*® as a ratio aJready familiar to us in another case in 
which there is an outstanding difference of order of magnitude 
between two natural units. If we compare the strong electo^tatic 
attraction between a proton and electron with the very weaJk 


gravitational attraction between them, we find that the ra^ 
also roughly 10®*.* It can scarcely be without sigB^oanoe thf^^^^: 
two forces—-gravitation and cosmical repulsion—which' 
order of magnitude stand a,ltogether apart from the fojeoes ; 
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atomic physios, both introduce the scale-ratio 10*®. This coinci¬ 
dence strengthens our belief that the observed recession of the 
nebulae is not to bo explained as an accident of time and circum¬ 
stance, but is a simple fundamental phenomenon. 

The foregoing comparison of scale, in various equivalent forms, 
has been familiar for many years. I have stated it here in a particu¬ 
larly simple form which is due to P. A. M. Dirac. Dirac, however, 
drew from it very different conclusions, because he took 2 x 10* 
years to be the age of the universe, apparently overlooking its more 
direct significance as the time of relaxation. There is no ground for 
adopting 2 x 10® years as the age of the universe—^which indeed 
would scarcely allow time for the ages of terrestrial rocks, which 
appear to be well established. On the other hand, it seems clear 
that the age of the universe (reckoned from a time when the evolution 
of the primordial material had begun to make sensible progress) 
cannot be a large multiple of the time of relaxation. Consequently, 
in arguments as to order of magnitude, the age and the time of 
relaxation are more or less interchangeable at the present epoch. 
But if any significance is to be attached to the coincidence of the 
two scale-ratios, it must apply at all epochs; and an important 
difference arises because the age necessarily varies with time, 
whereas the relaxation-time is, or at least may be, a permanent 
constant of the system. (Actually, according to relativity theory, 
the relaxation-time is not strictly constant but approaches asymp¬ 
totically a constant limiting value ; it appears, however, that the 
expansion is already so far advanced that we may take the present 
determination of the relaxation-time to refer to the constant limiting 
value.) Since Dirac associated tbe ratio of electrostatic and gravita¬ 
tional forces with the age of the universe, instead of with the con¬ 
stant limiting relaxation-time, he was obliged to suppose that it 
varied with time. This led him to an unnecessarily complicated 
and fantastic theory. 

Using the value of the cosmical constant obtained Jfrom the 
observed recession of the spiral nebulae, we can derive the total 
mass of the matter in the universe by a well-known formula given 
by Einstein. Converting the mass into atomic units we obtain the 
cosmical number N, which represents the number of elementary 
partides (protons and dectrons) in the universe. The cosmical 
number is about 3 x 10^», so that it is of the order of magnitude 
of the square of the fundamental ratio 10»». In other words, the 
dectrical scale of force is times the gravitational scale, and 
the cosnoical scale of time fe -y'N times the atomic scale. Or, if we 
consider instead the equivalent ratio of the scales of length, the 
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equilibrium radius of the universe (Einstein radius) is about 
times the so-called electron-radius 

The last-mentioned comparison gives us a clue to the way in 
which these two scales of very different order of magnitude arise. 
If we have N particles each with an independent initial probability 
distribution spread over a region of linear dimensions (standard 
deviation) R, their centroid will have an initial probability distribu¬ 
tion spread over a region of dimensions R/y^N. Now it must be 
remembered that when we study a system of particles {e,g. an atom 
or nucleus) we are concerned primarily with their distribution 
relative to the centroid of the system. The fact that the centroid 
itself must have a probability distribution, and is not a definite point 
in space, is commonly ignored ; it is treated just as though it were 
a fixed geometrical origin. There are, however, various empirical 
terms and constants in the quantum equations which current theory 
has not traced to their source ; and it must be presumed that the 
uncertainty of position of the centroid used as origin, though not 
introduced explicitly, is actually allowed for in these terms. But 
it can only be allowed for in this way if it is a standard quantity— 
the same in aU problems to which the recognised quantum equations 
apply. Thus from the point of view of quantum theory, it is the 
•uncertainty of position of the physical origin from which the positions 
of the individual particles are measured which is the fundamental 
constant of nature determining directly or indirectly the scale of 
atomic systems; this constant, which we will call e, likewise 
determines the spread R of the initial probability distribution of 
the individual particles by the foregoing condition that R/y^ 
is of order of magnitude e. It is only when the system comprises 
all the particles in the universe that we have a direct interest in 
evaluating R. It represents, as we have said, the spread of the 
initial probability distribution of a particle ; by initial distribution 
we mean the probability distribution before any observational 
information is supplied. How closely do we know the position of a 
particle when we have no idea where it is ? The question sounds 
nonsensical; but it has a definite answer, namely R, Since the 
particle may be anywhere, the uncertainty R of our knowledge of 
its position corresponds to the dimensions of anywhere ”—^any¬ 
where that it is possible for a particle to be—i.c. of space. It is, I 
think, quite definitely deducible in this way that space must 
have a radius of curvature of order yOST times the atomic unit 
e^/mc^. As we have seen, the astronomical results are m agree¬ 
ment with this prediction. 

This study of the relations of the fundamental constants of 
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natuce can be carried much furtber by a precise investigation in 
which the elementary principles of quantum theory and relativity 
theory are combmed. In particular a purely theoretical argument 
appears to indicate that the cosmical number is precisely 
2 X 136 X 2*®®, which agrees satisfactorily with the observational 
value. Although it is usually described as “ the number of particles 
in the universe,” we should bear in mind that particles as classically 
conceived are not recognised in modem physics, and N really 
represents the greatest possible number of independent wave 
systems of the particular type associated with protons and electrons. 
Provided we grasp correctly the principles which determine this 
analysis into waves, it is not unduly sanguine to believe that we can 
compute their total number. 

I forbear to enter further into these developments, since the main 
purpose of this article has been to deal with the more elementary 
controversial issues. But to have omitted aU reference to the 
quantitative developments, even though they may stUl be in a 
rudimentary form, would have given a misleading idea of the present 
situation. The relativity theory of the expanding universe is not a 
conclusion for which we seek to secure general acceptance as the 
termination of a successful research. What is much more important 
is that it is the beginning of general advance in theoretical physics, 
which it is clearly m our power to continue. 



SUBMARINE GEOLOGY 


By E. C. BXJLLAED, Ph.D, 

Department of Geodesy and Oeophysicst The University o Cambridge 

The geology of the continents may be studied quite simply. The 
facts are there for all to see, no elaborate technique is required and 
no apparatus more expensive than a hammer. It is therefore not 
surprising that a vast amount of information has accumulated in the 
century that has elapsed, since it was realised that the history of the 
earth could be read in the nature and arrangement of its rocks. 

The picture given by these investigations is of great complexity. 
The events at a single place usually show numerous alterations of 
marine and terrestrial conditions, periods of compression and periods 
of volcanicity without any obvious regularities. Numerous attempts 
have been made to suggest principles such as Continental Drift 
guiding the development of the earth, but on the whole they have 
not gained general support, as there were really no cogent reasons 
for believing them to be of general application. Such theories were 
necessarily based on a study of the rocks near the surface of that part 
of the earth that is not covered by water. The most promising way 
to extend geology would therefore appear to be to study the interior 
of the earth and that part that is under the oceans. Seismology has 
proved the key to the first part of this programme and has given a 
detailed numerical knowledge of certain properties of the rocks all 
the way to the centre of the earth. The intensive study of the second 
part is a development of the last few years, and is still in its infancy. 

The nature of the problems may be made clearer by considering 
what might be expected of the ocean basins on various theories 
'"without necessarily taking any of them very seriously. Great areas 
of marine sediments are found on the present continents; it is there¬ 
fore certain that they were once under the sea. It is thus probable 
that extensive areas of what is now sea were once land, so that part 
of submarine geology may be expected to be very hke continental 
geology. The sediments on the land are, however, almost without 
exception, shallow water deposits, having been deposited in -roter 
from a few inches to a few hundred feet deep. The rarity of typioal 
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abyssal deposits on the continents suggests that either the ocean 
Wing are permanent, or else that the development can only proceed 
in one direction, that is, that continents may founder, but that they 
cannot rise from the ocean. On the view that the oceans are 
permanent, submarine topographic features should show no signs of 
erosion, and if there are fold mountains they should show smooth 
rounded curves broken perhaps by abrupt fault scarps, but not dis¬ 
sected by the network of valleys that is typical of mountain scenery 
on land. On the second view the ocean bottom would be simply a 
drowned continent. Again, if Wegener’s view that the Atlantic 
Ocean has been formed by the drift of North America away from 
Europe is correct, the floor of the Atlantic Ocean should consist of 
basic igneous rocks with perhaps some blocks of continental rocks 
inserted in them. 

The problem is therefore to study the form and nature of the 
ocean floor and, if possible, its structure. Owing to the covering of 
water these studies cannot be made by the methods that have been 
used on the continents, and the information must be collected by 
lowering instruments on to the sea floor or by carrying them in 
ships. The first requirement of submarine geology is therefore to 
develop instruments and methods for collecting inJEbrmation about 
the submerged rocks. 

StTBHABINB ToPOGBAPHT 

T3ie determination of depths by running out a wire carrying a 
wea^t till it reaches the bottom is a slow and inaccurate process in 
de^ water, and little progress could be made in detailed submarine 
mappmg till the development o£ the echo sounder. In the form of 
ibis insixument used for deep-sea sounding a pulse of sound is pro¬ 
duced by a hammer striking an anvil. The sound travels to the 
bottom of the ocean and is reflected back to the surface, where it is 
received on a hydrophone and the depth is calculated from the time 
ti&en for the up and down Journey. In depths less than two or 
tiiree hundred fathoms the sound pulses used are usually of super- 
some frequency and are produced by magnetostriction or by the 
prezo-^eetric i^ect. Such instruments are often arranged to record 
tiie.^pib continuously as the ship travels along. In one respect the 
mecisorem^t of depth at sea is simpler than the measurement of 
I^%ht on Imid; for the laiter requires a line of levels extending all 

w^y to the sea, whilst the depth of the sea can be determined 
®se<^y by measUresment at a single point. The fibrst result of the 
great hwaea^ in the number of deep-sea soundings has been to 
em^iasise ti® great irregularities of much of the ocean floor. It was 
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formerly thought that, on the whole, the floor of the oceans consisted 
of great plains with very little relief, but the more numerous sound¬ 
ings now available show many parts to have differences of level 
comparable to those in the Himalayas. This is illustrated by ’Fig. 1, 
which shows the soundings in a small portion of the Atlantic 
500 miles north-east of the Azores. It is clear that until many more 
soundings have been obtained it is impossible to say whether the 
topography consists of submarine volcanoes, of undenuded fold 
mountains, or of fault scarps. The detailed mapping of such a 
feature would involve not only the taking of soundings but the deter¬ 
mination of their relative positions. For this purpose the ordinary 
methods of astronomical position finding and dead reckoning would 



Flo. 1.—Soundings, in motros, showing a rang© of over 6000 m. in about 100 miles. 


be insufficiently precise, and it would be necessary to moor buoys to 
mark fixed points to which the whole work could be tied. These 
complications have so far prevented the detailed survey of any 
portion of the ocean away from the continental shelf. 

Near the continents detailed survey is considerably easier as 
buoys can easily be moored. The positions of the buoys are deter¬ 
mined by starting from a point in sight of land and running piano 
wire over the stem of the ship. As the wire runs out it turns a 
measuring wheel which determines the length paid out. In this way 
the distance between points can be foimd with an accuracy of a few 
tenths of one per cent. The process is similar to a traverse survey on 
land and was developed by the Hydrographic Department of the 
British Navy. The positions of the ship relative to the buoys may 
be determined either by taking bearings on them or by measuring 
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their distances. For the latter purpose the buoy contains a 
hydrophone and a -wireless transmitter. If a small bomb be ex¬ 
ploded near the ship the sound travels to the buoy and causes the 
hydrophone to actuate the wireless transmitter. From the time 
interval between the explosion of the bomb and the receipt of the 
-wireless si^al the distance of the ship from the buoy may be calcu¬ 
lated. This method of position finding has been developed by the 
U.S. Coast and Geodetic Survey and used by them to construct 
remarkable charts of the seas off the coasts of the U.S.A. As in 
most other parts of the world, there is a Continental Shelf sloping 
very gently to a depth of about 100 fathoms. The depth then 
increases in a few miles to 1000 fathoms, and then more gently to the 
3000 or 4000 fathoms characteristic of the deep oceans. Detailed 
mapping of the relatively steep slope from 100 to 1000 fathoms shows 
surprisingly rough and complicated features. Examples on a small 
scale are shown in Figs. 2 and 3. Besides the minor corrugations, 
there is also revealed a series of valleys cutting into the slope but not 
penetrating far beyond the 100-fathom line. Similar features have 
been found in many parts of the world and they must be regarded 
as normal features of the edges of the continents. The existence of 
these valleys has been known for forty years, but it is only in the last 
few years that detailed charts such as that shown in Fig. 3 have been 
available. These show a gently sloping flat bottom 1 to 5 miles wide, 
boxmded by steep sides. The steepness of the sides of these valleys 
has been much exaggerated by some writers, who have compared 
them with canyons on land. Such a comparison is misleading, and 
a belief in it has made them appear more startling than they really 
are. One school maintains that the soundings show a pattern of 
convolving valleys shnilar to those produced by streams, and infers 
tihat the valleys were, in fact, the residt of subaerial denudation at 
a time when the land stood higher or the sea lower. Such views 
involve movements of many thousands of .feet, and it is difficult to 
believe that these movements would not have left their mark on the 
physiography of the continents. Others believe that the valleys 
have b^n cut by submarine currents heavily charged with sediments 
<nr by bntUips precipitated by submarine springs. 

TbS Nattobb of the Ocean Flock 

Sampfe of the top few inches of the sediments covering the floor 
^ ihe oceaM easily be obtained. These show, as might be 
expected, that &c from land fine sediments predominate* The 
often contain mangan^ nodule, and show other curious 
features such ^ a radium content many times greater than that 
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Fra. 2.—GteneraJ configuration off Virginia-Maryland coasts. 
iBy cjf TJ.S, Coast and Geodetic Survey and of the American FhUoeopMcat Society,) 
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shown by shallow water sediments. These peculiarities are probably 
to be explained by chemical precipitation from water of varying 
oxygen content, but much work remains to be done on the subject. 
By rapidly lowering a weighted tube to the bottom of the ocean 



Bio. 3,—a snbmarme region off the Mississippi Bivor Delta. 

{By yermmm (jf Oe Coast and Oeodetui Survey and of the American Philosophical Society ) 

a core 5 or 6 feet long may be obtained. To obtain loiter cores 
C. S. Kggot has designed a gun -wrliich shoots a tube into the sea 
bottom; with this, cores up to 10 feet long have been obtained. 
There cores were taken in the North Atlantic, and show a series of 
gladal and interglacial deposits presumably dropped from floating 
ice. When these have been fully worked out they should give a 
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more complete picture of quaternary climatic changes than can he 
obtained from terrestrial deposits, where each succeeding advance 
of the ice sheet disturbs the earlier deposits. Above the glacial 
deposits is about a foot of ooze which has clearly been deposited 
since the close of the Ice Age. The rate of deposition indicated 
(1 foot in 20,000 years) is surprisingly high, and if it is representative 
of average conditions through long stretches of geological time would 
lead to the accumulation of 10,000 feet of post-Palaeozoic sediments. 
Such great thicknesses of deep-sea sediments are quite contrary to 
the commonly accepted view that the ocean floor has only a thin 
veneer of sediments, and it would be extremely dif&cult to find an 
origin for them, without postulating an altogether unreasonable 
amount of denudation on the continents. 

The technique of obtaining cores can doubtless be improved, but 
it is unlikely that it will ever be possible to obtain specimens of more 
than the top 20 or 30 feet by such methods. To go deeper would 
require the construction of some kind of submarine drilling rig which 
would be difficult and expensive. Further progress, therefore, 
depends on indirect methods. Of these the seismic method is the 
most promising. Charges of explosive are exploded on the sea floor, 
and the elastic waves produced are recorded by seismographs also 
on the bottom and connected to a recording apparatus on a ship. 
This method was used by Ewing to find the thickness of sediments on 
the Continental Shelf off the east coast of the U.S.A., and has more 
recently been used for a similar purpose off the west coast of Europe. 
Attempts to use it in deep water have not so far been successful, 
but the difficulties are probably not insuperable. The method that 
has been used up to 100 fathoms is illustrated in Fig. 4. The ship 
carrying the instruments anchors and lowers a geophone on to the 
sea floor. A geophone is an instrument for converting movements 
of the ground into electrical currents and usually consists of a magnet 
suspended on a spring near a coil of wire in which currents are in¬ 
duced by the relative movement of the coil and the magnet. The 
geophone is connected to an amplifier and string galvanometer in the 
sMp. A second ship, which ne^ not anchor, lowers a charge on to 
the sea floor and detonates it electrically. The explosion breaks a 
wfee wrapped round the charge. This wire is connected to a wireless 
transmitter which signals the instant of explorion to the first ship, . 
where it is recorded alongside the signals from the geophcme. The! 
wave travelling through the water is also recorded by a hydrophe(*b®|J' 
aisd the time taken by this wave enables the distance to be i 

i^eent work south of Ireland, charges of to 160 pounds,el 

'at distances, up to 10''miles wetfe'"eanflotedte, 
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instruments were on the surveying ship H.M.S. Jason, and the 
explosive was lowered fi:om the ship’s launch. In 1939 a pair of 
Brixham trawlers, each of 60 tons displacement, were used. 

When the explosion takes place, elastic waves spread in all 
directions through the water and underlying rocks. K the geophone 
is within a few thousand feet of the explosion the wave that has 
travelled straight through the sediments (AB in Mg. 4) is the first to 
arrive, followed after an interval of a few tenths of a second by the 
wave through the water. After this comes a complicated series of 
waves, much of which consists of energy reflected from various 
horizons in the sediments. These reflections are too numerous and 
complicated to be readily interpreted and little use has been made 



Eto. 4. 


of them at sea. If the distance from the explosion to the geophone 
is larger, a wave that has passed down through the sediments and 
travelled along in the hard underlying rock (AXYB in Mg. 4) may 
amve before the direct wave through the sediments. If this wave 
IS observed at a number of distances the depth of the bottom of the 
sediments and the velocity m the underlying rocks may be found. 

In this way it has been shown that the sediments thicken firom 
tte land towards the ocean. On a line running west-south-west 
firam the Lizard, for example, there are no sediments near the shore, 
but a thic^ess of nearly 8000 feet was reached at the 100-fathom 
line 180 mfles to the west. This wedge of sediment bordering the 
contoent is presumably produced by denudation of the land and 
probably took ten to a hundred million years to accumulate. There 
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is reason to suppose that no deposition occurs on the Contiiiental 
Shelf, and that the shelf grows seawards by the continual transport 
of sediment from the current-swept area shallower than 100 fathoms 
to the quiet depths beyond it. This kind of sedimentation is some¬ 
what different from the processes that are usually supposed to have 
produced the great masses of sedimentary rocks found on land. 

The study of real earthquakes has contributed less information 
about the geology of the oceans than might have been expected. 
If an earthquake occurs in Japan, and the compressional and dis- 
tortional waves (P and S) from it are observed in Europe and in 
America, a comparison of the travel times shows the elastic constants 
and densities over the two paths to be equal within a few tenths of 
one j»r cent. The greater part of the paths for these long distances, 
however, lie far in the interior of the earth, and the similarity of the 
time-distance relations merely shows that the diflference between the 
continents and the oceans is confined to the outer part of the earth. 
To get information about the differences between continental and 
oceanic structure it would be necessary to have at least six seismo¬ 
graphs within 100 miles of an oceanic earthquake, a state of affairs 
which cannot be achieved with the present distribution of stations. 
The reason for requiring so many near stations is that the times of 
arrival at any three stations can be fitted exactly by a suitable choice 
of epicentre and time of occurrence; it is only when there are more 
than three stations that any information is obtained about travel 
times. 

Although P and S can at present give no information about 
the differences between the continents and the oceans, the propaga¬ 
tion of the surface waves from earthquakes can. These waves are 
similar to the waves on the surface of the ocean in that the disturb¬ 
ance is confined to within a few wave-lengths of the surface; their 
velocity, however, is controlled by the elastic constants of the rocks 
and not by gravity. Since these waves are propagated round the 
surfeice of the earth their velocity and dispersion give information 
about the surface layers of the earth. Stoneley and Gutenburg have 
shown in this way that the Pacific Ocean differs markedly from the 
ooiotinents, and that the Atlantic has intermediate properties. The 
petrology of rooks dredged from the ocean bottom and of those 
occurring on oceanic islands suggests that the difference is probably 
the absence of granite under the oceans. A more detailed study 
surface waves is very desirable. The method is the caoly 
t&ia^ gives ioformation about the submarine geology witiumfe 
BBeessity of going to sea. 
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The acceleration due to gravity varies over the earth’s surface by 
about half of one per cent. The greater part of this variation is due 
to the ellipticity of the earth and to the change in centrifugal force 
on goii^ from the equator to the pole. The remaining variation, 
which is the part of geological interest, is only about one in ten 
thousand. Thus if measurements of gravity are to be useful they 
must be made with an accuracy of a few parts in a million. The 
motions of an ordinary ship produce accelerations which frequently 
reach 10 per cent, of that due to gravity. The problem of measuring 
gravity in the presence of such accelerations is probably insoluble ; 
but fortunately the disturbances may be much reduced by working 
in a submerged submarine. The effects of the rema in i ng accelera¬ 
tions may then be removed by a method devised by Vening Meinesz. 
This depends on the principle that the relative motion of a pair of 
pendulums is, to a fet approximation, unaffected by horizontal 
accelerations. Instead of observing the period of a single pendulum, 
which is the standard method of measuring gravity on land, Meinesz 
ol»erves the period of a “ fictitious pendulum ” formed by the 
difference in the motions of two real pendulums. The effect of tiie 
vertical accelerations is eliminated to a fikst approximation if hhe 
pendulums are swung for a time long compared to the period of 
the waves. In this way the greater part of the small disturbances 
remaining in a submerged submarine is eliminated. The remaining 
effect may be allowed for if the roll, pitch and yaw, and the longi¬ 
tudinal transverse and vertical motions of the submarine are 
measured or are known to be negligible. In all, about a thousand 
measurements of gravity have been made by this method. 

It might be expected that gravity would be less over the oceans 
than over the continents, as sea water is l%hter than rock. The 
measurem^ts show, however, that this is not so; the difference 
being, if anything, in the opposite direction. This means that there 
is, on the average, nearly the same mass imder unit area of the surface 
of the sea as there is undw unit area of the continents. That is, 
the deficiency of density in the sea water is compensated by the 
rotto under the ocean floor bdng denser than those under the con¬ 
tinents. This is consistent with the suggestion made above that 
■the ocmtir^ts are underlain by a considerable thickness of granite, 
whilst under the oceans tins is replaced by denser basic rocks. If 
tijiis approximate uniformity of load were not found large stresses 
would be necessary, extending to a depth comparable with the widtii 
of the oceans. Even the small but widespread differences that do 
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exist, such as the excess of 20 parts in a million over the North 
Atlantic, imply either that the earth possesses a considerable strength 
even at depths of several thousand kilometres or else that the 
interior is not in static equilibrium, and is subject to convection 
currents which maintain density differences in excess of those re¬ 
quired for equilibrium. An apparent difference between gravity 
on the oceans and on the continents might be produced by some 
unsuspected experimental cause connected with the difference in 
the methods used on land and on sea. It is therefore desirable that 
some measurements be made by an entirely independent method. 
The lowering of a sensitive spring balance to the bottom of the sea 
in a pressure-tight container is a method the possibilities of which 
should be examined. 

Over the edge of the Continental Shelf Meinesz has found gravity 
to be deficient by about 40 parts in a million. This deficiency may 
weU be caused by the wedge of sediments found in the seismic 
investigations. H.M.S. Narwhal was to have investigated this point 
in September 1938, but the work was stopped by the mobilisation of 
the fleet caused by the Czechoslovakian crisis. 

Perhaps the most remarkable result of the gravity measurements 
that have been made at sea is the discovery of strips of deficient 
gravity run n i n g parallel to the chains of islands in the East and 
West Indies. The deficiency reaches 200 parts in a million and is 
too large to be due to superficial irregularities in the density of the 
rocks. It is probable, as Meinesz suggested, that the whole crust of 
the earth has been folded into the underlying denser rocks and that 
the deficiency of gravity is due to the lesser attraction of this mass 
of relativity light rocks. The presence of such a mass of light rock 
necessitates stress differences in the crust. The existence of these 
is confirmed by the occurrence of earthquakes and volcanoes along 
the line of islands. Visser has pointed out that in the East Indies 
the epicentres of these earthquakes, many of which have foci 
hundreds of kilometres deep, show a tendency to lie on planes 
sloping downwards under the continent. This suggests that they 
may mark out a thrust plane, motion along which is forcing down 
the fold postulated by Meinesz. 

It has been suggested that these strips of deficient gravity repre* 
sent the first stage in a mountain builc^g process. The idea is in 


some ways attractive as the do^p^olded strip could provide a long 
narrow basin in which a great thickness of shallow water sediments 
could be deposited. As the downfolding progressed these sedim^te 
would be crumpled and metamorphosed. Later when the horizoiP^^^ i 


stresses that held it down were relieved, the whole 
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together with the downfolded root could rise, producing a mountain 
system showing all the features of those found on the continents. 
The principal ohjection to this view is that the existing strips of 
deficient gravity are not, in fact, areas of rapid shallow water 
sedimentation ; on the contrary, they are the sites of the great deeps 
in which sedimentation is probably exceptionally slow. This may 
be an accident of present-day geography, or it may mean that another 
origin must be sought for mountain ranges. 

OoNOLtrsiON- 

From what has been said it will be clear that very little is at present 
known about submarine geology, A number of methods of obtaining 
information has been devised, but what has been done cannot be 
regarded as more than an indication of what lines are most profitable 
to pursue in the future. Perhaps the most valuable investigations 
that could be undertaken at present are the detailed survey with the 
echo sounder of a small area in mid-ocean and the devising of a 
practical method for deep-sea seismic work. The difficulties lie in 
organisation and finance rather than in technique. The work holds 
out no prospect of a direct economic return and requires ships and 
crews for them. Progress is therefore dependent on making t^ best 
use of opportunities offered by navies and yachtsmen and obtaining 
what results can be got wili limited facilities, rather than laying 
elaborate plans that require several hners and a cable ship for thdr 
fulfilment. 



THE SUBMICROSCOPIC STRUCTURE 
OF CELL WALLS 1 

By a, FEEY-WYSSLINa 

Professor of Plant Physiology in the Swiss Federal Inditvte of Technology, Zurich 

Pbopebttbs of Cell Walls 

We shall try to derive the suhmicroscopic structure of the cell walls 
from their physical properties. The most striking contrast with the 
living protoplasm is their extraordinary anisotropy ; i.e. the pro¬ 
perties of the cell wall depend on the direction along which they are 
examined. The anisotropy is most pronoimced in the bast fibres, 
which we shall choose as an example. If carefully bleached, such 
fibres represent the purest cellulose material we know, so that we 
have to do with a fairly weU-defined chemical substance. 

If we allow a dried fibre to swell in water, it becomes 10-20 per 
cent, broader, but its length will hardly change. A sphere cut out 
of the dry cell wall will show an ellipsoidal shape after the intake of 
water, whereas a similar sphere of cytoplasm would swell or shrink 
in aU. directions alike. The anisotropy of swelling is the reason why 
twined cords or ropes shrink when they are brought into contact with 
water : the circumference of the rope increases, and consequently 
the pitch of the individual strands becomes less steep. 

Even more extraordinary is the anisotropy of tensile strength. 
In the direction of the fibre axis the tensile strength of flax attains 
110 kg. square mm.; this is about two-thirds that of the best 
steel! [2] Perpendicularly to the fibre axis, however, the tensile 
strength is very small, so that fibres can be separated into fibrils 
without any special effort. These may be easily split further and 
further down to the limit of microscopic visibility. The possibility 
of fibrillation is a very characteristic feature of natural fibres. 

A third group of anisotropic properties includes the optical 
behaviour of cell walls. In general, stained fibres do not absorb 
the light along every direction in the same way. If they are 

^ Lecture delivered on March 9, 1939, at University College, University of 
London. 
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observed under the polarising microscope, their colour is greatly 
dififerent according as the fibres are arranged parallel or perpendicular 
to the vibration plane of the light: they show double absorption 
or dichroism. Fibres stained with congo red or iodine appear red 
or black, when viewed in one direction, and colourless in the other. 

Better known than the anisotropy of absorption is the anisotropy 
of refraction. Ever since polarised light has been used in microscopy, 
the double refraction of cell walls has been noticed and has surprised 
the botanists. From this fact, Nageli concluded that the cell walls 
must have a crystalline structure, and modern X-ray investigation 
has proved this hypothesis to be correct. 

Besides the anisotropic properties, there are other qualities which 
indicate that the cell walls are porous. The density of cellulose is 
1*65 or even higher, but that of the fibre only 1-1 to 1-3 [1]. Conse¬ 
quently there is a discrepancy of density of about 20 per cent. The 
double refraction of cellulose, i.c. the difference of its refractive 
indices, is 0-068 [2], and that of the fibre calculated from the thick¬ 
ness of its walls 0-061 [3]. Thus we find again a discrepancy of 
double refraction of about 11 per cent. To these features we have 
to add the TwlopermeoMlity for salts and sugars, and even the 
pmetraMlity for ooUoidal dye-stuffs like congo red. Further, we 
can transform fibres of cellulose into fibres of cellulose esters such 
M nitrocellulose or cellulose acetate, without dissolving theni or 
changing their form. Such transformations are known as pemtfifowl 
or topochemic reacHom. Ifie old statement of chemistry—ccwpbfsS 
. non agunt nisi fluida—does not therefore hold for our imusual 
object, idl these facts point to an invisible porous structure of the 
cell wall,- and other properties, such as flexibility, cleavage, etc., 
EBipport this point of view. 

Summarising we may state that anisotropy and submicroscopic 
poroaiiy are the outstandiig features of the cell wall. 

Methods oe Investigation 

The anisotropy can be examined and measured by extremely 
accurate methods, and this is why we know much more about the 
%lbmi(X!osoopie structure of cell walls than of cytoplasm, which 
showfi much less pronoimced anisotropic effects. 

..^mbronn [4], who investigated the optical anisotropy of fibrous 
kul^itane^ made a very important discovery. The dovble refraction 
. of EHich matemls does not possess a definite value like that of crystals, 
c Jurt it depends on the liquid in which the fibre is immersed. This 
; ,pe<mliar behaviour is a consequence of the fact that the fibre walls 
are porous; the liquid penetrates and forms, together with the fibre 
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substance, a mixed system. Wiener [6] has given a complete 
theory of such mixed systems, which he calls “ mixed bodies.” He 
has shown that parallel rodlets (Fig. 1a) with a diameter smaller than 
the wave-length of visible light, cause a double refraction if the 
refractive index of the penetrating liquid differs from that of the 
rodlets. The amount of this so-caJled rodlet-dovble refraction is repre¬ 
sented by a hyperbolic curve (Fig. 1b). When there is no difference 



Via. 1. 

(A).—^Rodlet mixed system. 

extraordinary, no = ordinary refractive index of the system ny>n(x. 

»]. ss: refractive index of the rodlets, of the imbibition m^ium. 

(B),—Rodlet double re&actiou curve of incinerated epidermal hairs from barley 
awns. 

\ « wave length of light, y = retardation which is proportional to the double refiractlon. 

between the refractiye indices of the two components, the mixed 
body becomes optically homogeneous and the double refraction 
disappears. By this method it has been shown by imbibition ex¬ 
periments that the cell walls must be mixed bodies with rodlets 
structurar elements. In the case of cellulose fibres circumstances 
are complicated by the fact that the discovered rodlets have an 
ifvtrinsic dovble refraction like crystals. As the rodlet double rej&acH 
tion is very small as compared with their intrinsic optical anisptro|r^4 
this most important phenomenon was overlooked until 1010, 
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Ambroan [4] saw its importance and Wiener [5] treated tbe question 
theoretically. 

Later on the X-ray analysis of fibres [6, 8] confirmed the result 
of these optical studies by proving that the fibres must be built up 
of erystallme rodlets of cellulose. 

An X-ray pattern of cellulose fibres furnishes four different sets of 
data concerning their crystalline structure. 

(1) The aarangement of the diffraction maxima reveals the 
arrangement of the submicroscopic rodlets. If they are aU parallel 
to the fibre axis, a so-eaUed 4-pomt ox fibre pattern appears. If they 
follow a spiral arrangement, as in cotton, X-ray analysis yields a 
pattern with sickle-shaped spots, and if there is random distribution, 
the pattmm consists of uniform rings. 

(2) The distance between the diffraction spots allows us to calcu¬ 
late the distance between the atoms m the crystalline lattice of 
eeUulpse. Investigations of this type yielded the important informa¬ 
tion that the intervals in the lattice spacing in the direction of the 
fibre axis correspond to the length of two glucose residues, and it was 
apparent in this way that these chains are arranged parallel to the 
fibre axis [7, 8]. 

(3) The intmisity of the diffraction spots permits us to determine 
which plane of the crystalline lattice corresponds to the plane of the 
rings. The more atonis lying in a r^ecting layer, the darker 
appears the corr^ponding diffraction spot on the X-ray pattern. 
As the plane of the glucose rings (xtntams a good many of the atoms 
in question, it must famish the darkest spots. 

(4) The width of the diffraction spots is dependent on the number 
of atom layers by which they are refiected. A large number of such 
layers in a crystafiine lattice produces narrow spots, and a sninll 
number brdad ones. Consequently there is an inverse relation 
between the size of the submicroscopic crystallites and the width of 
tiieir diffraction spots, which allows the calculation of the dimensions 
of the invisible colloidal particles [9, 10]. This calculation has been 
applied to (»lluIose fibre-patterns by Hengstenberg and Mark [11]. 
As ^6 atom layers irunmng parallel to the fibre axis produce broader 
diffraction spots than the layers running perpendicular to this axis, 

invisible crystalline particles of cellulose must be rodUke ; and 
it has been found that the rodlets are about 60 A broad, and at least 
600 A hmg. Thus both the polarising method and the X-ray method 
framidi ti» s^e r^t, and establish, definitely, that the fibre walls 
seas radki Tiikced sy^&ns. 
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Micellae Theoey 

If all the available X-ray data are put together the following 
picture of the fibre structure may be developed: there must be 
crystalliue rodlets, consisting of bundles of cellulose chains and 
orientated parallel to the fibre axis. The details may be seen m a 
scheme by Seifriz [12], which astonishes by its brick-Hke structure 
(Fig. 2a). Still more amazing is the fact that this model of the sub- 
microscopic structure of the cell wall is identical with the conception 
invented by NSgeli [13] some eighty years ago (1868). In his 



(A) 



(B) 

Fig, 2.—Scheme of the submioroscopic structure of cell walls (A) by Seifriz (1929), 

(B) by NUgeli (1877). 


sketches we find isolated crystalline particles which he called 
micelles (jfrom Latin: mica — crumb; this term has of course nothing 
to do with cellula, the origin of the term cell). They are embedded 
in an intermicellar substance, responsible for such phenomena as 
swelling, penetrability, permeability, etc. (Fig. 2b). The micellar 
theory of Nageli was rejected by his contemporaries. It has only 
been supported by a few Swiss and German botanists, like Sehwen- 
dener, Steinbrmk, Ambronn and myself (since 1924). Meanwhile, 
the theory of Nageli aroused a real interest in colloidal chemista^i 
His individual particles corresponded to the particles detect^ 
sols by the ultramioroscope of Zsigmondy. The analogy seemed 
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striking that the colloid chemists adopted Nageli’s terminology and 
called every colloidal particle a micelle^ although he had created 
this term especially and exclusively for submicroscopic crystalline 
particles. Later; on, when X-ray analysts found that most of the 
objects investigated by Nageli have really a crystalline structure, 
they again adopted his terminology and re-established the crystalline 
micelle. It was indeed a surprising fact in the development of 
science, when the speculative theory of Nageli, after having been 
completely abandoned or ignored by most of the biologists, seemed 
to be correct, and after the publications of Meyer and Mark in 1930 
became generally accepted. Already in 1917 Ambronn [14] had 
given optical evidence that crystalline rodlets must exist in double 
rejfracting biological objects, unfortunately without arousing the 
interest of the biologists and without earning any credit for his 
original work; his death in 1927, before the general rehabilitation 
of the micellar theory, is to be deplored. 

Theories have their ups and downs like organisms. So after a 
short period of general acceptance, criticism arose again. The old 
question : How can a brick-like structure show such tensile strength 
as is found in textile fibres, was still unanswered. With such a 
structure the extraordinary mechanical qualities of the cell walls had 
to be ascribed to cohesive forces between the individual crystallites 
^Meyer and Mark) or to an unknown intermicellar substance. Even 
more intriguing was the viewpoint of Staudinger [15]. With the 
viscosimetric method elaborated by him he showed that, in solutions 
of cellulo^, the molecular cellulose chains are more than ten times 
longer than had been indicated by the X-ray method. This had 
yielded a mimmum length of about 600 A, while Staudinger measures 
cellulose chains of 10,000 to 15,000 A, i.e, of 1 to length. So a 
controversy aro^ between this investigator and the X-ray analysts 
Meyer and Mark, each party mamtaining that the method used by 
the other party was not suitable for measuring the real molecular 
length of cellulose chains in natural fibres. But as the inconsistency 
of neither of the two methods could be proved, we proposed m 1935 
at the International Botanical Congress in Amsterdam a scheme 
which satisfies both points of view [16]. In this scheme the cellulose 
chains are aEowed to be several times longer than the crystalline 
micelles revealed by the X-ray analysis {Kg. 3). There must be 
r^ons where these chains carystallise together, and other regions 
where they are not sufficiently dose or regularly parallel to form a 
corysts^^ lattice. In this way the former contradiction between 
the two methods no longer exists, so that such a conception has 
obtained general acceptance to-day. Erom the standpoint of 
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classical colloidal chemistry the new system is just the inverse of 
the former brick-like structure : there the cellulose was the dispersed 
phase and the intermicellar system the dispersion medium, while 
here the intermicellar spaces appear dispersed within cellulose as 
a dispersion medium. These spaces may be considered as places 
where the hydration water of the cellulose molecules is gathered 
when they crystallise; their long shape is a consequence of the 
fibrillar structure of the system. While such a scheme makes full 
allowance for the extraordinary mechanical properties, especially 
for the tensile strength of fibres, it cannot explaiu their permeability 
and penetrability for the large particles of colloidal dyestuffs. It 
must be admitted, therefore, that the intermicellar system does not 
consist of individual holes, but forms a continuous capillary system 
through which solutions can readily penetrate. In this way we have 



Fig. 3.—Scheme of the submicroscopic structure of a fibre by Frey-Wyssling. 
c = cellulose chains, m = crystalline cellulose (= micelles sensu Nageli), i = intermicellar spacings. 

found by deduction a reticular system (Fig. 4). There is no cor¬ 
puscular dispersed phase, but both the micellar and the intermicellar 
systems are continuous, penetrating each other. Individual micelles 
do not exist, because they are aU connected with one another and 
grown together, so that we cannot speak any more of micelles as a 
fundamental structural element; the micelles of Nageli correspond 
merely to crystalline regions within a continuous, porous structure 
(which in German is called LockerstruHur). 

Such a scheme permits us to understand all the extraordinary 
qualities of the vegetable fibres mentioned above. These are vOTy 
long, slender, practically “ endless,” cellulose chains. They form a 
micellar framework with crystalline regions (= micelles of Nagdi), 
causing the remarkable intrinsic double refraction. The une:^^ted 
tensile strength and the other mechanical properties are a con^r; 
quence of the very long molecular chains, because primary vfiteii!^; 
bonds must be broken when a fibre is tom into two pieces.. 
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anisotropic swelling is caused by tbe uptake of water into the inter- 
micellar system and tbe unusual penetrability of this system b 
explained by its continuity, which permits rapid diSiision in all 
directions. The discrepancies of density and double refraction are 
caused by the empty spaces in the micellar system. 

While X-ray analysis has given a complete account of the sub- 



Via. 4.—Sehemfi showing the continuity of the intermioellar system; above: cross- 
section; below; longitudinal section, 

micrc^copic structiar© of the crystalline regions in the cell wall, so 
that we know their shape, size and molecular arrangement, we have 
got but little information on the intermicellar system. Erom a 
biological viewpoint, however, this system is more important than 
tte mi(^]lar system, which is of primary importance to technical 
interests becau^ it concerns the mechanical properties of textile 
fibres, wood, etc. In very young, so-called primary cell walls, the 
intermicellar system may contain living protoplasm, and in full- 
grown membranes it is responsible for the permeability and repre- 
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sents the place where the so-called incrusting materials (lignin, 
suberin, cutin, mineral substances, etc*) are deposited. 

In order to obtain information about the shape and size of the 
intermicellar spaces, we have to fill them with a substance that 
shows both optical arid X-ray effects. For this purpose we have 
deposited colloidal gold and silver in the cell wall, by reducing gold 
chloride and silver nitrate. In this way we get a coloration which 
shows a beautiful dichroism in the polarising microscope [17]. If 
the light vibrates in the direction parallel to the axis of a fibre stained 
in this way, light of short wave-length is transmitted selectively, 
while light of longer wave-length is absorbed, so that the fibre appears 
to be green with gold or blue with silver. If the light vibrates 
perpendicularly to the fibre axis the inverse is the case and the fibres 
will exhibit a red (gold) or yellow (silver) colour. With the aid 
of Wiener’s theory of ‘‘ mixed bodies ” it can be showm that this 
dichroism is caused by a rod-like arrangement of the submicroscopic 
particles of the precious metals [18]. 

X-ray analysis, on the other hand, does not reveal any orientation 
of the embedded particles. It shows, in addition to the cellulose 
pattern, rings of crystalline gold or silver ; and as we have heard, 
dififraction rings are characteristic of random arrangement. These 
rings allow us, however, to calculate the width of the spaces in which 
the metal particles are lodged, since there exists the above-mentioned 
relation between the width of dififraction lines (measured wdth a 
complicated photometer) and the size of the crystalline particles. 
We have made this investigation and found rather curious figures, 
indicating that the gold and silver particles in cellulose fibres have 
diameters of about 100 A ; i.c. they are twice as broad as the crystal¬ 
line cellulose strands between which they are embedded [19]. This 
unexpected result demands remarkably large submicroscopic spaces 
within the fibres, but of course their number cannot be considerable. 
They must correspond to the same channels that allow us to stain 
textile fibres with colloidal dye-stufifs. 

As gold and silver particles of 100 A diameter are detectable in the 
ultramicroscope, our fibres charged with these metals have been 
investigated also in this direction [20]. They show the tjrpioal 
Tyndall light and exhibit a pronounced azimuth effect; Le. if they 
are illuminated perpendicularly to the fibre axis they are very bright, 
but if the lateral illumination is directed parallel to the fibre axis 
they appear to be dark. (To obtain the optimum silver content for 
clear ultramicroscopic effects, the fibres have been stain^ to alSei^ 
of different depths.) The xiltramicrosoopic behaviour is A 
proof of the existence of rod-like particles embedded Ip 
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The combination of the optical X-ray and tiltramicroscopic analyses 
allows the foUowmg conclusion: there are cubical gold or sHver 
crystallites of about 100 A diameter (Fig. 5) which are associated in 
much bigger rod-like particles (so-called secondary particles). That 
this conception is correct could be objectively demonstrated by 
allowing the rod-like particles to grow until they became visible in the 
immersion microscope. 

Fibres must therefore contain rather coarse capillaries of about 



Fia. 5.—Scheme showiog rodlets 
composed of primary gold par¬ 
ticles. 



^ ! \ 
CIL.60A.U caJOAM. ckJOOAM. 


Peg. 6.—Scheme showi^ the heterocapillary 
character of the intennioellar system 
(cross-section); micellar strands 60 A.XJ. 


100 A diameter, in which the so-called incrusting materials are 
lodged and which make it possible to stain the cell wall with colloidal 
dye-stuffs. On the other hand there must be much smaller spaces of 
the order of about 10 A, where the water and molecular solutions 
penetrate, causing swelling or permutoid reactions. The coarse and 
the fine spaces communicate and are probably of the same nature 
from the chemical standpoint. But morphologically we have found 
in this way the important fact that the intermiceUar system of cell 
walls is heterocapillary (Fig. 6). 

Types of Membrane Stritotitbes and the Growth of Cell Walls 

The majority of the above-discussed theoretical conceptions of 
the submicroscopic structure of cell walls have been gathered from 
fibres, because their wall structure is simple as compared with other 
cells. In ideal fibres the submicroscopic micellar strands are aU 
parallel to the fibre axis. But actually this ideal is never completely 
realised. In general, these strands form a small angle with the fibre 
axis, causing in this way a spiral structure. This is the reason why 
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the X-ray diffraction points of natural cellulose fibres are always 
elliptical spots, the long axis of which allows us to calculate the angle 
of deviation from the axial direction. The cotton hairs are the best- 
known example of cells with spiral structure where that angle 
amounts to about 30^. 

The polarising microscope permits us to recognise other structures 
as well in which the micellar strands are not regularly parallel to one 
another, as iu fibre and spiral structures, but in which they appear 
to be arranged at random. This random arrangement can be caused 
by a certain or even complete disorder of the cellulose strands, or by 
a superposition of numerous submicroscopic layers with a differently 
orientated micellar structure. Which of these two possibilities 
actually occurs cannot be decided, as the polarising microscope re¬ 
veals only a summarised statistical effect. 

If we allow the micellar strands of the fibre structure (Fig. 7 (a) ) to 
scatter, we get B,fibre4ike (Fig. 7 (b) structure [21], which is realised 
in sclerenchyma fibres, pericyclic fibres, etc. If the scattering 
increases more and more, we shall get random orientation and the 
membrane will finally become statistically isotropic, as is known of 
artificial films produced by drying. This kind of arrangement has 
been called folium structure ; it is realised with isodiametric paren¬ 
chyma cells, e,g. in the pith of elder. 

While in fibres the orientation of the micellar structure is axial, 
in the ring vessels we find a strictly tangential orientation of the 
cellulose strands, which is called ring structure (Fig. 7 (o)), If we 
start from this structure and allow the micellar strands to scatter, we 
obtain an arrangement that we have called tube structure (Fig. 7 (n)). 
It displays very interesting optical features. While in a tangential 
section the cellulose strands of a cell with tube structure show a 
certain tendency to run tangentially; on the radial section their 
projections run parallel to the axial direction. In consequence of 
this fact, the tangential section appears in the polarising microscope 
to be optically positive ; and between the positive and the negative 
fields the cell exhibits two statistically isotropic strokes without 
double refraction. This tube stn^cture is realised in sieve tubes, 
reticular vessels, latex tubes, etc. It seems to be of peculiar im¬ 
portance, as the meristematic primary walls capable of considerable 
elongation are characterised by this same structure. The cell walls 
we have dealt with so far are so-called secondary walls, i,e. they are. 
definite wall layers that are laid-down against the meristematio 
by apposition, after the cell is fully expanded. Duriug the elor^a^ 
tion process, however, the cell is invested by a v^ tMn 
membrane, which does not show ceUidose reasons Wheii 3^ 
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chemical methods are applied. In spite of this fact, cellulose is 
present, as has been shown by X-ray analysis, but it is masked by 
membrane waxes, which incrust the young cell wall. 

As meristematic cells elongate and reach a length of several times 
their original size, it might be expected that the shghtly tangential 
orientation of the micellar strands (Fig. 8a) would be changed into 
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Fig. 7.—Scheme of (A) fibre structiire, (B) fibre-like structure, (C) ring structure, 

(D) tube structure. 

~ mediran, «cc = lower refractive index, -{- =* optically positive, — = negative, 

isotaropic. 


a fibre-like orientation (Fig. 8b). But this is not the case. Even in 
Avem coleoptil^ [22] and grass filaments [23], where a cell stretching 
of several hundred i«r (»nt. occurs, the orientation of the micellar 
ficamework do® not change. This unexpected result can be ex¬ 
pired in the following way: the scattered cellulose strands are 
comteeted with one another by heteropolar points of attachment. 
If the primary cell wall is stretched artificially, the orientation of the 
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submicroscopic structure does change, as the points of attachment 
behave like hinges. But while the cell wall is actively growing 
this is not the case (Fig. 8c). The points of attachment are loosened 
and the micellar strands are free to move and change their points 
of attachment, without changing their direction. It is known that 
the growing cell waU has a considerably greater plasticity than the 
resting wall [24, 25], and that this greater plasticity is caused by the 
action of auxins. We must therefore suppose that the auxin 
loosens the points of attachment between the cellulose strands by 
indirect means, thus enabling the wall to be stretched. The 
mechanism of loosening of the micellar joints is not yet quite clear, 


Fig. 8 



(A) .—Scheme showing the submicroscopic reticular system of a meristematic 

cell wall; • = points of attachment. 

(B) ,—^After artificial stretching. 

(C) .—^After natural extension. 


although it has been proved that the points of attachment in ques¬ 
tion must be of a heteropolar character ; because the effect of auxin 
is strikingly influenced by the addition of dilute salt solutions [26], 
As the micellar strands have become more widely separated during 
the growth process, new cellulose strands must be interwoven by the 
often discussed phenomenon of intussmception. 

To sum up, we can say that the application of modern methods 
of investigation has not only allowed us to establish the submicro¬ 
scopic morphology of the cell walls, but that it has also furnished a 
substantial contribution to the solution of the important problem 
of growth, 
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AN EXPERIMENTAL PHILOSOPHY OF 
PAINTINGS 

By F. IAN a. RAWLINS, M.So., F.R.S.E.. F.Iktst.P. 

Seimtific Adviser to the Trustees of the National QaUery 

The title of this article has been chosen with deliberation. Before 
any progress can be made it will be necessary to submit reasons for 
believing that the subject exists, and if that much is granted that 
it may be a profitable occupation to study it. By the time that 
such a stage has been reached, the reader will doubtless have 
observed that a fair proportion of the material might have been 
assembled and used somewhat differently, or at least that the stresses 
might have been otherwise directed. In other words, the sequel is 
an experimental philosophy rather than the experimental philosophy. 
The author puts forward some tenets which a scientist may accept 
about art (paintings especially) wdth a due sense of responsibility. 
They may be shown to be false, but up to the present they do not 
contradict experience, which state of affairs an experimental 
philosophy, however immature, obviously demands. The system, 
such as it is, derives from the conviction that the conflict—^if that 
is not too strong a word—^between the student of art and his scientific 
brother is as essentially out of date as it is sterile. 

We are not concerned with artists in the sense of helping them 
in their craft; what does concern us is the things which they have 
created, and perhaps, above all, why they created them. 

An enquiry of this kind is no light task; paintings are the 
“percepta” of our investigations; in some cases they may be 
exceedingly precious, but in any event we have lost the battle 
should our experiments do them violence. It is interesting to 
reflect whether the great masters who painted- them prized them 
as highly as we do ; an uncomfortable feeling that our own regard 
for consummate pictures may be compounded of a lack of creative 
ness in ourselves, and other less worthy motives, is perhaps a 
reminder of how far we have to travel. However, if ton A th^ 
we must, let it be with reverent fingers. Yet, if our data cim 
obtained otherwise, so much the better. ^ 
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A magnificent collection of paintings is impressive, and may be 
productive of pleasure. A test of a sense of values arises here. 
The scientific mind will want to know, at least in principle, two 
things. Firstly what exactly the construction of a picture involves, 
and secondly what in fact it means, a matter for philosophers and 
psychologists. As a by-product will arise the question of the 
relationship of the particular painting to the other normal activities 
of the period (theological, philosophical, social and so forth), while 
above all, the painter’s art can never be divorced from other con¬ 
temporaneous creative work, such as architecture and sculpture. 
These are subjects which may well provide problems of great 
interest for the art-historian. 

To answer all these questions involves experiment in some degree 
in every case, but essentially in the first. Common ground is 
covered by such investigations to this extent—^they demand evidence 
for everything and yet more evidence. Again, as in jurisprudence, 
evidence to be of any avail must be the “ best evidence,” that is, 
if better is obtainable no judgment can be given until it is forth¬ 
coming. Admittedly, there is little place for aesthetics in all thi^ 
yet nobody wishes to deny the beautiful; on the contrary it is 
almost axiomatic. : 

A quantitative theory of aesthetics has in fact been evolved by 
Profi^sor Pope. He realises that aippreciation of what is permanent 
and valuable in art differs largely with education and training, and 
further that inferior work is associated with elements which are 
essentially discordant. It is conceivable that on this basis, in the 
limit we should be constrained to admire complete monotony. 
This is one of the considerations which very naturally present them¬ 
selves in any attempt to hold the balance between art as a pheno¬ 
menon—the existence of objects of art—and the motives underlying 
their creation. A quantitative aspect has also been introduced by 
Prof^sor Birkhoff in his ‘‘aesthetic formula.” 

The queries already indicated seem to the writer reasonable 
grounds for supposing that an experimental philosophy of paintings 
may esist. The study of such a subject would have as its prime 
object the elucidation of such questions as have been outlined. 
This would scarcely be worth while if any and every picture were a 
law unto itself, but from what has been said, broader generalisations 
may be attempted and thus the rudiments of a characteristic (if 
only temporary) Weltanachaumig established. It would, of necessity, 
' be compounded of psychological and physical elements. 

This, then, is the position which, as mentioned at the very begin¬ 
ning, must be reached before any detailed progress can be made. 
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Having regard to the rigorous and perhaps excessive departmentalism 
of present-day knowledge, it appears possible that some benefit 
might accrue from an enquiry such as this. Naturally, much 
trespassing upon fields of thought not commonly associated will be 
involved. But on the view that there is in fact no trespass without 
wilful damage rests the hope that occupiers of such property will 
be kind. For gentle indeed must these excursions be if they are 
to open up some sort of a path which art-student and scientist may 
care to tread together. 

The Making op a Painting 

In the course of a comparatively few years, a new and fascinating 
subject of study has arisen; the technics of painting. This con¬ 
cerns not only the re-birth of interest in materials, but the wider 
problem of endeavouring to understand the technique of the great 
masters, or, for that matter, of any painter. In a word, How did 
they do it ? ” All the resources of physics, chemistry, and even to 
some extent those of engineering, have been called upon to supply 
what answers they can to this question. The present writer has 
attempted on various occasions to contribute to this process, and 
he does not propose to burden this discussion with experimental 
detail. It is perhaps enough to stress the importance of a thoroughly 
objective approach to these problems ; experience has demonstrated 
that it is possible to design or adapt instruments of precision for the 
special needs of a museum or gallery laboratory. Further—and 
particularly in the field of radiological investigations—^it is becoming 
a little more feasible to interpret empirical results scientifically. 

A painting of any description and executed in any medium 
consists of a series of layers; it is a stratified structure. These 
layers consist of the support, the ground, the paint-film and the 
vamish-film. The support is the wood, canvas, stone, composition- 
material, which holds the design, the ground is the priming, or 
gesso which overlays the support, making it suitable for the applica¬ 
tion of the design itself. The paint-film the picture is of 
composite and complex construction; it consists essentially of 
pigment plus medium. Finally, the vamish-film affords a protective 
coating to the whole, and, as a matter of fact, the ideal substance 
for such a coating has yet to be discovered. If this stratified concept 
were sufficient as it stands, the task of picture-restorers and others 
would be greatly simplified. But these layers are notindependent 
of each other, not even when the whole structure is in equiliWiurf 
(which it seldom is). The interdependence appears to 
least two kinds, (a) chemical, (6) physical. 
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ip) The chemical interdependence concerns mostly the paint and 
varnish films. In fact, owing partly to the similarity of the sub¬ 
stances present, it is not always possible to say exactly where one 
ends and the other begins. They are separate much more on account 
of their functions (and order of application) than they are by reason 
of their chemical nature. Again, the presence of glazes,’’ of 
subtle importance for artists, complicates the issue a stage further. 
Such “ glazes ” are usually pigment-medium phases exceedingly 
rich in medium, extending to the case when the pigment content is 
vanishingly small. They depend for their effectiveness upon their 
high optical transmissivity, and, naturally, upon their tendency to 
suppress diffuse reflection- But most important of all, there seems 
to be rarely any such thing, so far as the study of the techniques of 
the great masters are concerned, as pure oil medium, or pure tempera 
medium and so on, considered as a definite entity. All the con¬ 
troversy which has surrounded the famous “ me^um of the van 
Eycks ” is wrapped up with this question, and we are compelled to 
admit that we simply do not know what their medium was. It is 
possible, luckily, to estimate some of its constituents by chemical 
and other means, and to appreciate the part with which emulsions 
must have played in their studio. And so, a host of paintings are 
classified as being executed in a mixed medium.” It is even 
possible that such a mixed medium and pure tempera may exist 
in close juxtaposition in a certain Italian composition of the late 
fifteenth century. From this, it will be seen that failure is likely to 
r^ult from a conservative quest for the secret of the old mastem, 
so far as medium goes. It is just for this reason that the structural 
classification of paint films recently advocated by Stout is so 
important. We know that paint films in the hands of van Eyck 
and van Gogh are totally dissimilar and, as he remarks, they are 
both oil paintings. Our experimental philosophy therefore wiU 
probably be wise to reject chemical categories as a promising field 
of 3researeh and turn towards more physical concepts. 

(5) The physical relationships of the layers to each other is 
complicated enough, but less intractable. The most interesting 
property is the mechanical one, which manifests itself in flaking 
or blistering; terms which are probably obvious enough to pass 
without farther definition. A picture in inferior condition some- 
tioaes reveals that the paint fil m is coming away from the ground, 
or that bothpaint film and ground are becoming detached from the 
support. It is usually assumed that excessive relative motion is 
responsible for phenomena of this kiad, that is the flexure of the 
support, expansion and contraction and so forth. Doubtless this is 
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true to a great extent, but a more intimate cause may exist in the 
between the layers themselves above the support. This 
tends to occur when the states of aggregation upon adjacent sides 
of a common botmdary are very discrepant, for example a pigment- 
rich mixture on one side, and a mere pigmented film or stain upon 
the other. In these circumstances the lock or “ bite ” is likely to 
be insufficient and a loosening action readily sets in. Such a state 
of affairs offers a refined opportunity for the microscopist, and, given 
the requisite skill and apparatus, he will be able to demonstrate this, 
very likely with great practical advantage for remedial measures, 
or preventive ones, if the trouble is taken in time. It is worth 
noting that a great deal of information about various techniques can 
be culled from a study of ailing pictures, much in the same way that 
knowledge of normal anatomy has progressed by means of patho¬ 
logical researches. It is not inconceivable that investigations of 
this nature, if sufficiently carefully documented, will be found to 
have considerable bearing upon our recognition of the “ gentle art 
of faking.” An abnormal state may always provide that element 
of exaggeration which progress requires. 

The existence of crackle,” the complicated and sometimes 
very beautifcd network of cracks observable in paintings, represents 
another interesting and significant physical effect. There may be 
several such systems of “ crackle ” ; one characteristic kind is due 
to the warping, or other movement, of the support. Another is 
superficial, and resides in the varnish-film, usually an indication of 
over-rapid application, which can be recognised readily with the 
microscope. Yet another series of fissures may have their seat in 
miniature volcanoes ; that is they are the result of combustion or 
chemical transitions (with increase of volume and evolution of 
minute traces of gas) in one of the layers below. Their similarity to 
geological contortions and faults on a microscopic scale is remarkable. 

Attempts have even been made to infer something about the 
authenticity of a picture from a study of its “ crackle.” It would 
be extravagant to claim that this goal has been reached; neverthe¬ 
less, observation of a large number of samples (duly attested on 
other groimds) has convinced the writer that the method is by no 
means futile. 


In concluding this section dealing with technique, a brief account 
of some physical properties of paint itself shoffld perhaps find a 
place. As a substance, paint e:^bits the oharacteristio feature of 
thixotropy, that is, its coherence is disturbed by some extermd 
impressed force, e.ff. by stirring or shaking, but when 1^ to 


re-a^regation occurs. In the language of ooUtad physios^ it, | 
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be said that thixotropy is a reciprocal sol-gel transition, with the 
particular feature that the action is isothermal and mechanical. 
The importance of this for our purpose is that the viscosity is 
influenced by thixotropy and naturally the elastic constants as 
well, so that the configuration and general geometrical properties of 
a brush-stroke became subject to it. A number of reasonable but 
somewhat idealised assumptions lead to the result that the depth of a 
brush-stroke should be approximately proportional to the square of 
its width and the yield value of the paint, and inversely proportional 
to the surface tension. It is interesting to note what a comparatively 
‘‘ open-work substance paint is; the distance between pigment 
particles (on the basis of electro-potential measurements) may be 
as much as lO^A. 

The Signifioance oe Paintings 

In this section the second of the two main questions will be 
discussed in some detail. 

What does a picture mean ? That an object such as a picture 
is significant in the sense that (if of any importance at all) it claims 
attention, is obvious. What is connoted here, however, is that a 
“fact” such as a painting has a definite meaning and that this 
meaning appertains to the painting in question and to no other. 
This is not to assert that all the facts (i.e. pictures) and aU their 
corresponding meanings comprise nothing but a system of special 
cases having only accidental and secondary relations between them. 
On the contrary, it is to regard the functional property [fact-meaning] 
as sufficiently definite—and recognisable—^to make it profitable to 
draw broad—^if tentative—conclusions. For clearly, to take the 
mathematical counterpart, it is pointless to enquire about the 
property of (say) a family of curves, taken as a whole, unless it is 
feasible to express each in functional form with the least possible 
number of arbitrary constants. But as soon as the family can be 
seen as a family, significance follows. 

This work, so far as art is concerned, needs the establishment of a 
“ methodik.” What should be the exact purpose of such a dis¬ 
cipline ? 

Firstly, to reduce the [fact-meaning] property of a painting to 
its simplest possible terms and then by comparison to see what is 
common to analogous paintings, with a view to the elimination of 
needless co-©ffieien1«. 

A practical consideration obtrudes itself here. A plentiful 
supply of photographs of the works in question, taken with scrupulous 
care, is essential. By “ photographs ” is meant any reproduction of 
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the original (or part of it) by electro-magnetic radiation such as 
X-rays, ultra-violet light, infra-red rays, photomicrography, or even 
perhaps electronic dififraction. All these processes contribute some¬ 
thing to the [fact-meaning] quest, by exaggeration or suppression as 
the case may be. But the experimental conditions must be definite, 
known and reproducible. A recent thesis dealing with the exegesis 
of paintings from X-ray data illustrates this, or rather, the absence of 
it. For whereas considerable skill is demonstrated in interpretation 
ofrX-ray shadowgraphs (an exceedingly difficult task) the conditions 
under which they were obtained—^kilovoltage, current, exposures, 
working distance from focal point of tube and so forth—^are not 
divulg^. This goes far to vitiate the nature of the work, since it is 
common experience to those who make a special study of such tests, 
that almost any result can be obtained on a X-ray film by varying 
the physical factors. Such lapses are doubly unfortunate. Not 
only are they wasteful of much good labour in unravelling X-ray 
photographs, but their consequences have gone far to cause the 
enemy to blaspheme ” and to maintain that such experiments are 
worthless. Criticism of this sort is by no means without justification, 
but the reader of X-ray photographs is not really exonerated from 
aE responsibility if he goes merrily ahead (as he usuaUy does) without 
asking what the physical conditions were, the results of which he has 
before him. And the same is true, in a lesser degree perhaps, of 
other photographs ” with which the art-historian is accustomed 
to work. 

The criticism that tins habit of working with reproductions 
(photographic or otherwise) steriEses the investigator’s sensibility 
and blinds his “ eye for a picture ” is for the moment neither here 
nor there. There are circumstances no doubt in which any attempts 
to make progress without constant reference to the original are 
bound to faE, But for the experimental phEosopher they are 
relatively rare. For him, the methodik ” consists largely in 
exaggeration, first of one property, then of another, enabling him to 
learn by a process akin to the use of the microscope. Mathematically 
it somewhat resembles Iteration ” ; the goal is reached by stagger* 
ing, in which each lurch is of smaller ampEtude than its predecessor. 

Our discussion of the significance of a picture, or in an abbreviated 
form, our consideration of the [fact-meaning] relationship, cannot 
be expected to develop untE we attempt to find some place for the 
creations of great artists among the ‘‘ documents ’’ of psydbiol<^. 

This, sounds, perhaps Ettle more than yet another effort to fit 
everything into a psychological framework. Yet it is impbs^ibfe,^ J 
resist the conclusion, reached already upon other 
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supreme works were fashioned—^if not always, at least very often 
when the artist was in an abnormal state. He gives his work to the 
world in a sense unconsciously, but at the same time well aware 
throughout of a set purpose, calling out from him a defimte (and 
great) amount of labour. These conditions come very near those 
underlying the Gestalt-psychologie ’’ associated with the names of 
Kohler, Wertheimer and others. It is almost impossible to render 
GeataU satisfactorily into English: it means ‘‘ configuration,’’ 
shape,” “ whole ” or “ form,” with an underlying insistence upon 
an integrative property, and by such an integrative property is 
suggested that the OeMalt is meaningless, apart from the inclusion 
of the parts ” within the whole.” Yet these parts ” bear to 
the whole ” (the Gestalt) a very peculiar relationship. Their 
co-operation is essential, and yet the end-result differs from them 
not only in degree but in kind. A chemical illustration might be 
the union of hydrogen and oxygen to form water. The properties 
of those two gases are well known, but water, the stable compound 
formed by them, resembles neither. This, of course, is a fact known 
to many generations of chemists, and to identify water with a 
certain Gestalt helps nobody. What does assist enormously how¬ 
ever—in the writer’s opinion—^is the recognition that twentieth- 
century theoretical physios with aU its exact analysis of the energy 
levels involved still comes independently to the conclusion that, 
given a set of elementary states, combined in such a way that the 
residual energy is least (i.e. the energy expanded in the process is 
greatest), then the integrative property is demonstrated in the 
stability of the final compound, and by its divergence in character- 
from any or aU of its components. This illustration gives a 
hint of a fundamental law of significance, fundamental for processes 
out^de physics, as well as for those encountered in a study of 
inanimate nature. Such is the law of Pragnanz, enunciated in this 
form by Wertheimer and others. Thus : 

/" Psychological orgaansation will always be as good as the 
prevailing conditions allow.” "" Good ” means "" regular,” "" sym¬ 
metrical,” ""simple,’’ satisfying,” and so forth. 

"" Plragnanz ” corresponds closely, but not quite, to our "" signifi¬ 
cance.” Further, it is inherent in the integrative property to which 
reference has been made hhat the end-result, or Gestalt, is not 
fortuitous, but evmituates from the purposeful edification, or build¬ 
ing-up of the components. Again, the Gestalt concept includes what 
znatibematioians call a maximum-mimmum relation ; that is, there 
is a connection of some kind between the completed Gestalt, the 
energy needed to produce it, and the available, or free-energy, which 
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it has when produced. Those who have experienced the sublime 
nature of the science of thermodynamics will recognise a correlative 
idea with entropy in this. Take over this methodik bodily, 
and apply it to the activity which we are discussing now, creative 
art, and see how illuminating it becomes. 

A finished painting then is a Gestalt It will be a great painting 
in so far (for our immediate purpose) as the law of Pragnanz is 
fulfilled in it, that is, that the organisation*is as ‘^good’^ as possible. 

Again, it will be a great painting in so far that the artist has given 
of his best in creating it, that is, that the maxunum-nainimum 
property is secured. Yet again, it will “ satisfy ’’ in so far that the 
free—or available—energy which it has is the least possible, for this 
carries with it (whether we realise it or not) our conviction that the 
artist has spent himself in producing it, i.e. the maximal requirement 
which is theoretically infinite. Finally, our sense of peace, of repose, 
which the painting calls forth, is functionally related (it is impossible 
as yet to say exactly how) to the low available energy (the minimal 
condition) which it possesses. This minimum in the limit is zero, 
and naturally a mathematical equation for the path of approach is 
as yet far beyond us. But one thing can be guessed already, and 
that is that the free energy curve rises steeply, since our senses are 
not slow to comprehend when a painting fails to grant us rest. 

We might pause for a moment to pluck one wild flower by the 
way. Man kills the thing he loves (and probably pictures have been 
the victims of murder more than most objects), and on our reading 
of Gestalt he does this because of the helplessness of a great work. 
Its free energy is so small, its self-defence so slender, compared with 
the energy of the man who created it, and—grim thought but 
necessary—compared also with the energy of other men who are 
tempted by a knowledge of the magnitude of that creative urge, 
which they themselves do not possess. 

So far, our thought has been with the dynamics of Gestalt 
forming. But a moment^s meditation upon the static aspect is 
desirable. The desire to begin a Gestalt may well be intuitive, the 
flash of genius, and the process then goes its appointed way with due 
regard to order and phase at every step. Naturally, this pre-condition 
throws over the classical outlook of Hume to a considerable extent. 
We are discussing an experimental philosophy which cannot exist^ 
in a watertight bulkhead, impermeable by contemporary thought 
in other fields. And there is a strong revolt against a pure positivistio 
creed, of which the art critic may perhaps take note. 

This section was headed ^"The SignMcahce of Painttogj^?f|^; 
we now attempt to sum up the contributicm wM^ 
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treatment of the subject may have been able to make to the solution 
of this problem, or rather that particular aspect of it implied in our 
quest for a [fact-meaning] relationship. Our facts must be obedient 
to the law of Pragnanz, that is, that the psychological organisation 
depends upon them, or is functionally related to them. Generally, 
carefolly designed experiments have shown that closed, or nearly 
closed areas are satisfying (akin to the stationary states ” of 
physics), whereas unclosed ones are not so. This fact is, more or 
less, acceptable to picture-lovers, whether knowingly appreciated or 
not. And apparently it is not lost even in the bold adventures of 
modem art. Again, the fact that so much can be learnt from black- 
and-white reproductions demonstrates the paramount place occupied 
by such properties as grouping and balance. 

Next, as to meaning, taken by itself. From the experimental 
point of view—^which is all that concerns this paper—^the observer 
is there solely to register (in himself as it happens) the message or 
interpretation which the artist intended. He is not there to invoke 
his own personality at all or any of his (the observer’s) reactions. 
From the scientific aspect, the beholder should be a ^'lamp-and- 
soale ” recorder, responding promptly to the artist’s energy flux, 
without addition or subtraction. This is only a formal way of 
stating that great artists certaiuly knew what they meant to say, 
and further, that they did not think it necessary to ask observers of 
their works to interpret for them. 

The final object to be achieved in this section is to couple the 
last two considerations toother, that is to achieve the synthesis 
essential for our [fact-meaning] relationship. 

To restate; our facts must be amenable, in general, to the law 
of Pragnanz, that is, our facts must be good ” facts. Our meaning 
is the artist’s meaning, and not our particular rendering of it. Thus 
the bond we seek is, in a sense, unique, and “ invariant ” withrespect 
to a change of observer. 

it can only be the energy-difference between the sum-total of 
the individual urges of the artist’s creative instinct (including his 
zeal to transmit his message without ambiguity) and the (minimal) 
jfir^ energy of the finished work. This ‘‘ modulus,” which is neces¬ 
sarily positive for any great picture, is—we could ever measure 
it---akin in an experimental quantity, a philosophical or symbolic 
measure of the amount of self-amiihilation represented by the 
product on stone, wood, or canvas. This is the outcome of the use 
of a particular ** methodik,” the GesMi-concept, to reduce the 
[fact-^meanmg] relatioiiship, or property, of a picture to its simplest 
possiWe terms. Picture-fact ” we have discussed, picture- 
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mftfl.r<iTig ” we have discussed, and a significance of some sort has 
been given to their" co-existence, a significance independent, in 
theory, of the observer. Like many another reduction to simple 
terms, the result is not immediately applicable to any particular 
example selected at random; akin once more to the formulae of 
mathematics concrete instances produce prodigious difficulties of 
manipulation. What value this [fact-meaning] synthesis may have 
—and indeed the writer submits it with little more than the hope 
that it may induce others to think about it, or something like it 
—consists, as was implied earlier on, in its freedom from arbitrary 
coefficients depending upon such qualities as period, style, school or 
technique. To compare two pictures then, on this criterion, is to 
ask. What is the energy-moduliis for this one, and what is it for 
that one ? It should be noticed that we do not need to know either 
the initial energy, or the final energy; our valuation of the merit of 
the work in question depends solely upon their difference. 



The accompanying graph represents quite generally the concept 
advanced in this paper. 

The co-ordinates are Free Energy and “ Organisation,” The 
latter contains an implicit geometrical factor, since it is concerned 
with such qualities as form, balance, grouping, etc. Thus, in 
abstract, the graph has some correspondence with the Potential 
curves of physics. Points 1, 2, ... » are supposed (ideally) to 
represent successive attempts by the artist to reach a “good” 
composition within the meaning of the law of PrSgnanz;. FcW; 
example, point 3 has considerable nierit, but; jte; dedkfc«J to; 
“organise” more fully, thus attaining pmnt 7>(tbe abec^l^;; 
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iiiinimxtm), which is assumed to correspond with Ms supreme effort. 
Beyond this (points 8, 9 ... tI') he merely elaborates without 
producing a fresh iriiaimum, i.e, without creating ” anything more 
valuable. 

It should be noticed that “ organisation ’’ increasing towards the 
right, in the usual way, only indicates an attribute of the composition. 
The sole effective organisations ” are those associated with points 
3 and 7. Points 1 and 2, on the other hand, represent a state of 
affairs sometimes revealed by X-rays in wMch the artist has made 
several attempts before obtaining satisfaction : in other words, his 
efforts to organise more completely were leading him towards an 
energy TniniTmiTn rather than away from it. Once such a minimum 
has been passed it may be inferred that the energy curve will rise 
rapidly, since it is usually obvious both to artist and critic that 
fimther work, or alteration, would spell ruin to the effect. On the 
low organisation ’’ side of a minimum, however, the curve may well 
be gradual. 

Finally, it should be clearly noticed that the energy discussed 
here is the available, or free energy of a composition, wMch is neces¬ 
sarily very low—on the Oestalt hypothesis—^for a great work. This 
makes no reference whatever—one way or the other—to the 
intrinsic ” energy which a painting may possess, and wMch, for 
certain sesthetic purposes, might be claimed to be large. The 
present view has no immediate bearing upon this issue, except 
perhaps to suggest that the position of the observer is subordinate, 
and that what a^thetic reactions there may be are Ms affair. 

An example of an artist’s successive attempts to obtain a good ” 
organisation is afforded by the illustration of a portrait by Bronzino 
(1503-1672). The entire picture is shown in Plate I and an X-ray 
shadowgraph of the left hand in Plate 11. The first position was a 
little lower, the second depicted the hand upon the Mp, and the third 
(and last) entail^ an alteration of the fingers and thumb. There 
are a number of other modMcations in this subject, revealed by 
X-rays, all of wMch suggest a striving for greater elegance and refine¬ 
ment. Apparently the original effect was one of pent-up energy, 
whereas the final result is characterised by stability and a diminution 
of nervousnei^. 

The BeTjAtion oe Paintinos to Othbe Activities 

There remains now this question to be discussed. Clearly it is 
One that many people have asked, and some of the answers obtained 
are ihuminating : it is the author’s view, however, that the rigours 
of scientific method might well be applied, in the hopes of obtaining 




Portrait by Bronzino. 

{Courtesy of the Metropolitan Museum, New rorJk,) 




PLATE n 
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at least a more systematic conspectus of the whole matter. One has 
only to study the backgrounds of a number of paintings of the best 
Italian schools to see what an important part architecture plays in 
their composition; and the same is probably true, on a domestic 
scale, of many Dutch and Flemish pictures. The point is that in all 
these instances, the architectural features appear to be conceived in 
great detail, and rendered with infinite care and fidelity ; they are 
not extras.” Again, it is significant that many of the great names 
of Southern European pictorial art are famous not only as painters 
but as sculptors, architects, goldsmiths and in various other activities. 
In a word, speciaKsation, in the bad sense, had not then set in, and 
their works show a generosity of treatment which demands breadth 
of understanding (and observation) for due appreciation. Thus, we 
forfeit a great deal in our habit of studying pictures too exclusively, 
apart from the kindred arts. 

Another aspect of this same problem—^the inter-relation of the 
arts—^is our academic attitude towards it. On the assumption that 
paintings are documents ” at all (which it is very difficulty to deny), 
it seems to follow that they should provide very precious information 
for the historian, the theologian and the psychologist. If their 
subjects are matters of live interest at the Universities, which they 
undoubtedly are, it appears curious that so little use is made of 
paintings as evidence for the mental background of the age which 
produced them. It is not stretching our material too far to maintain 
that a satisfactory experimental philosophy of paintings must 
include aU these studies, fearlessly pursued, independently of exist- 
mg departmentalism. The “ percepta ” of such investigations 
invite the establishment of a school of ‘‘ symbolic ” researches. It 
is one of the few consolations for scholars which the past few years 
have produced that the Warburg Institute has settled in our midst, 
and is bending its great mental energies to interpretmg and synthesis¬ 
ing classical symbolism in its relation to the humanities. Christian 
art and pagan art are at one in this, that they express man^s progress 
as a thinking creature. 

This article is Kttle more than a throwing-together of meditations 
which are probably common enough amongst people whose interest 
is knowledge rather than information. The most that can be 
expected of it is that it may stimulate curiosity about certain aspects 
of human endeavour usually somewhat ignored or obliterated in an 
age which rewards mechanical achievement as highly as ours does. 
This is not to say that the technical triumphs of our thhe are not in 
their way sublime (art-lovers might well be more generous 
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usually are towards the intrinsic beauty of modem plastics, rein¬ 
forced concrete, roUer-bearings and the rest) but to recollect that the 
natural sciences do not fiOOL up the whole volume available to man¬ 
kind’s needs and urges, and that there are reservoirs of creativeness 
untapped by them. This way of looking at things is the Weltan- 
scJwbuung which an epistemological approach to paintings tends to 
bring about. A writer of last century found in his thoughts the 
companions of his solitude” and worked out the idea at some 
length in a book. These pages caimot aspire to that, but they 
represent what the writer believes to be a iBrst—and very imperfect— 
attempt to establish an experimental philosophy of paintings. 



THE NATURE AND ORIGIN OF FLINT 

By. KENNETH P. OAKLEY, Ph.D., BBo., F.G.S. 

Department of Oedogy, Brituh Mueeuan {Natural History) 

Thebe are few things in the realm of geology which seem to arouse 
the curiosity of the layman more than the oddly-shaped flint, and 
it frequently falls to the lot of the geologist to answer questions from 
his friends about this literally common or garden stone. Often 
these questions are difficult to answer. In the first place they usually 
,concern matters, such as the mode of origin of flint, about which 
geologists are of more than one mind. Moreover, many of the 
problems concerning flint lie more within the province of the physical 
chemist than within that of the geologist. 

It is thought, therefore, that a brief review of some of the ideas 
about flint which have been expressed by geochemists and others 
during recent years may serve a useful purpose. 

From meaning any hard, rock-like mineral, the Old English term- 
flint has come in modem times to denote a form of nodular silica, 
with granular structure and perfect conchoidal fracture, occurring 
in limestoneJ^—^more especially in the European Chalk, Some 
geologists restrict the term entirely to siliceous nodules and nodular 
layers occurring in the . Chalk, and use the term chert for nodular 
silica in all other formations, whether it differs from the Cretaceous 
variety or not. Others have attempted lithological definition of 
these two terms, and propose that homogeneous, fine-textured, black 
varieties of nodular or layered silica in limestones should be termed 
flint, whatever their horizon. In the present paper, however, con¬ 
sideration is given only to nodular silica in the Chalk, which is flint 
par excellence. 

Flint occurs in the Chalk in the form of nodules, either scattered 
or iu bands, and in tabular masses of nodular formation. In this 
country flfrit is found mainly in the Upper Chalk, occurrences in the 
Middle Chalk being sporadic, and in the Lower Chalk Negligible. 

Freshly broken flint is typically black and sub-lustoms in appea^-^ 
ance, although in some localities it presents a grey or browni^^, 
colour, .Weathered pieces of flint, however, show a - 
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range of coloration: they may be blue, white, yellow, red, brown 
or purplish-black. Such coloration is due to a chemical alteration 
of the surface known as patination, and when flints so altered are 
broken open, a black, grey or brownish-grey interior is generally 
revealed. 

The blackness of typical flint is not entirely due to pigmentation. 
Such flbat is usually slightly pigmented by iron compounds and 
traces of organic matter, but in thin section it appears almost colour¬ 
less or pale straw-coloured. Its dead black appearance in the mass 
is mainly an optical effect. The particles composing flint are so 
minute and densely packed that in thick pieces the material tends 
to absorb all the light falling on it. Nevertheless, quite apart from 
surface alteration which may counteract this tendency, flint may 
acquire a uniform body-colour. In order to appreciate the signifi¬ 
cance of such variations in the appearance and colour of flhit it is 
necessary to have some understanding of its composition and 
structure. 

Flint is a mosaic-like aggregate of colloidal silica (opal) and 
crjTpto-crystaUine silica (the form of quartz known as chalcedony) 
in variable proportions. Opaline silica has the structure of a gel 
and tends to absorb soluble colouring matter. Thus, fresh flint 
containing a high proportion of this component may become 
uniformly brown through the absorption of iron compounds which 
counteract the tendency to complete light absorption. In some 
cases the absorption of iron salts may have taken place while the 
flint was wholly gelatinous, as it would have been during its forma¬ 
tion. Diffusion of iron salts under these conditions probably 
explains the broad colour-banding of the so-caUed marbled ” flints 
in the Bull-head Bed of North Kent. 

The uniform or patchy greyness of some fresh flmt is more 
difldcult to account for. It has been suggested that it is due to the 
presence of finely divided calcium carbonate within the substance 
of the flint. While this may be the explanation of the greyness of 
some flSnt it does not satisfactorily account for aU cases. Black 
flint becomes a greyish-white when calcined, apparently owing to 
dehydration of the opaline component. This suggests that in 
originally grey flint chalcedonic silica may preponderate over the 
colloidal form. Further research on the structure of flint is needed 
before such problems can be cleared up. X-ray powder photographs 
of flint are of little use in this connection owing to the masking 
effect of the quartz lines thrown by the chalcedony. 

By patination is meant a chemical alteration of the surface of 
flint, generally leading to some colour change. This process is quite 
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distinct from the assumption of body-colour, or interior staining, 
referred to above. The formation of patina on a flint is due to the 
superficial leaching out of the more soluble ingredient (i.e. the 
opaline silica), leaving a porous skin consisting of a meshwork of 
crystaUine fibres or grains (see Gehrke, 1936). Elint may be 
patinated artificially by bofling in a strong alkaline solution, such as- 
a solution of sodium hydroxide. In nature, however, the chief 
patinating agent is undoubtedly carbonic acid in the ionised state. 
When the patma is sufficiently thick it appears white, since the open 
meshwork of crypto-crystaUine silica offers an infinite number of 
minute reflecting facets which tend to scatter light ii^tead of 
absorbing it—^as happens when the crystal fibres are buried in opaline 
silica. When the patina is merely incipient, the shorter light waves 
only are reflected, and the flint presents a bluish appearance. Unless 
the flint has acquired a gloss of secondary silica, as often happens in 
the soil, it is possible, in the incipient stage of patmation, to restore 
the dark appearance of the flint by immersing it in oil; this fills the 
spaces vacated by the opaline silica. If patination proceeds far 
enough a piece of flint may become white and porous throughout its 
thickness. 

On account of its porous nature, patina absorbs iron salts and 
other staining agencies much more readily than most fresh flint 
does. Thus, while weathered flints in dry soils generally have a 
white patina, those in river gravels have almost invariably acquired 
a range of ochreous hues owing to ferruginous staining of the patina. 

We may now pass to the more fundamental question of the way 
in which flint in the Chalk originated. Three problems are involved : 
the origin of the silica; the mode of its precipitation; and the. 
time of its precipitation. The first two problems reaUy hinge on 
the third. 

With regard to the time-relation between chalk and flint there 
are three possibilities : that flfint is (1) syngenetic, that is deposited 
in gelatinous form on the floor of the Chalk Sea; (2) penecon- 
temporaneous, that is formed by the segregation of coUo^al silica 
within the calcareous mud before its consolidation as chalk.; or (3); 
epigenetic, that is formed through siliceous replacement of the- 
chalk after its consolidation. 

For many years geologists in this country accepted flints as 
being either epigenetic or penecontemporaneous concretions cff 
silica derived from the solution of siliceous sponge remains (see 
Sollas, 1905). However, with the spre^^ of ideas about the chepi- 
istry of colloids there has been a growing tendency gec3o@[sts 

to regard flint and chert in many formations as having orighmla^ 
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syngenetically through the direct precipitation of inorganic silica 
from sea-water in the form of a colloidal gel. Professor W. A. Tarr 
of Missouri has attempted to explain the origin of Cretaceous flint 
in this way (Tarr, 1926). 

It is an established fact that rivers introduce enormous quantities 
of colloidal silica into the sea. The amount of colloidally suspended 
silica in river water averages about 15 parts per million (Moore 
and Maynard, 1929), and it is estimated that the rivers of the 
world discharge more than three million metric tons of silica into 
the oceans each year. Yet in sea-water the content of coUoidal 
silica is rarely more than 1 part per million. Undoubtedly much 
of the silica introduced into the sea is removed by organisms such 
as diatoms, radiolarians and sponges which require it for their 
skeletons. Some is probably precipitated with muddy sediments, 
because the salts in sea-water, acting as electrolytes, not only 
cause flocculation of mud, but also induce coagulation of colloidally 
suspended silica* Silicargel separating from sea-water in this way, 
however, is not normally deposited in large masses, but tends to 
be disseminated uniformly through the sediment. To account for 
the syngenetic development of flint or chert the assumption has 
to be made that at certain times conditions prevailed locally which 
prevented the immediate precipitation of silica by electrolytes, so 
that the bottom waters eyentuaJly became supersaturated with it. 
There is no evidence that such conditions are prevailing in any 
sea at the present day, but it is known that the precipitation of 
edloidal silica by electrolytes can be inhibited by the presence of 
certain substances, for example, organic colloids. The super- 
saturation of bottom waters with silica-sol, m the way suggested, 
would be followed by the separation of silica-gel in treacly or jelly- 
like masses which, with burial and slow loss of water, would harden 
and become crypto-crystalline. 

It is probable that some cherts have originated in the way out¬ 
lined above, for instance, the Middle Cambrian cherts of Alabama 
in which jelly-fidi have been preserved (Walcott, 1898), but there 
are a number of considerations which stand against the application 
of this theory to Cretaceous flint. They may be enumerated as 
follows: 

(1) There is no trace of derived flint in the intraformational 
conglomerates occurring at five horizons in the Chalk around Mona 
m Belgium, although in each case flmt occurs in profusion in the 
adjacent beds (Comet, 1910). 

(2) Nodules of flint occasionally occur along joint and fracture 
planes in the Chalk. Vertical Unes of flint nodules may be observed 
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-r—to quote one of many examples —in the Chalk exposed above the 
undercliff walk, east of Black Rock, near Brighton, Such flints 
appear in no way different from those occurring in horizontal bands. 
Tarr’s explanation of these vertical stringers as being due to the 
silica-gel flowing down fissures in the sea-floor is untenable by those 
with intimate knowledge of our Chalk; the structures in question 
clearly originated after the consolidation of the deposit, 

(3) The occurrence of cylindrical nodules (paramoudras) in 
vertical position one above the other, as in the Chalk at Horstead 
in Norfolk, would be difficult to account for except by some theory 
of epigenetic replacement involving vertical percolation. 

(4) Flints in the Chalk commonly enclose complete skeletons of 
sponges. If fliint had originated as a direct precipitate of treacly 
silica-gel on the sea-floor one would have expected that, occasionally 
at least, it would have embalmed complete skeletons of Tetractinel- 
lid and Monactinellid sponges whose spicules are united in life, but 
fall apart with decay (Burton, 1931). Yet the only sponges pre¬ 
served intact in flint are forms in which the spicules are fused or 
interlocked, such as Hexactinellids, certain Tetractinellids (par¬ 
ticularly lithistids) and Calcarea. Sponges of those types in which 
the spicules became scattered after death are represented in flint, 
as in chalk where their solution has been prevented, by isolated 
spicules only. It might be argued that it was the actual decom¬ 
position of sponges with liberation of ammonia which induced the 
gelation of silica. Yet thick bands of flint occur at horizons in the 
Chalk where sponge remains are not greatly in evidence, while at 
other levels sponge remains are abundant, but no flint occurs. 

(5) The remains of siliceous sponges are abundant at many 
levels in the Chalk, but they are mostly preserved in calcite or iron 
oxide. There has thus been widespread solution of silica in the 
Chalk subsequent to consolidation, and it would not be unreasonable 
to suppose that the dissolved silica migrated downwards and then 
related as flint. 

In addition to the complete sponge skeletons in the Chalk which 
have imdergone desiliciflcation, loose spicules were originally dis¬ 
seminated in great abundance throughout much of the formation, 
and these too have largely disappeared through solution. The 
white powder which commonly occurs at the centre of a hollow 
flint nodule may be taken to represent a sample of the Chalk befine 
epigenetic changes took place. This flint meal’’ is found to 
consist of finely divided calcium carbonate, tc^ether with qmmrit^ 
of siliceous sponge spicules. The late Dr. BIhde idenrifi^ 
spicule of over forty species in the ** meal from the inte^M ^: 
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a single nodnle taken from the Upper Chalk of Horstead in Norfolk. 
Yet sihoeons spicules are invariably missing or represented by casts 
in the chalk surrounding such nodules. 

(6) The late Dr. Volkmar Wroost of Frankfurt has shown that 
if one assumes that flint in the Chalk originated epigenetically it is 
possible to explain almost aU the featixres of its occurrence by the 
application of physico-chemical principles (Wroost, 1936). Previ¬ 
ously the difficulty of the epigenetic theory had been to accotmt for 
the migration of colloidal silica through chalk, followed locally by 
simultaneous removal of chalk in solution and gelation of the silica.. 
Wroost has provided what seems to be an adequate explanation of 
such a process. 

Most of the objections which apply to the theory of the syn- 
genetic origin of Cretaceous flint also apply to the theory of pene- 
contemporaneous origin. It so happens that there is evidence of 
penecontemporaneous segregation of colloidal silica in the Lower 
Chalk of Wiltshire (Jukes-Browne and Hill, 1889), but it did not 
result primarily in the formation of flint nodules, only of minute 
globules of opal which became profusely dispersed through the 
calcareous groimd-mass. 

Wetzel (1933) and Iteflandre (1936) have called attention to the 
remarkable preservation of chitinous Protista, including Dino- 
flagellates, in Cretaceous flint. The preservation of such delicate 
structures might seem to be a strong argument in favour of the 
^yngenetic origin of flint. However, the recent discovery of chitha- 
otis microzoa in certain Silurian limestones from the Baltic region 
(Eisenack, 1938) shows that delicate material of this nature may, 
under certain conditions, escape destruction in calcareous muds. 
While only a few such chitinous bodies have survived to this day 
in normal chalk, it is reasonable to suppose that even the most 
delicate ones would have survived long enough to be permanently 
preserved by any siliceous replacement which took place shortly 
after the chalk had been consolidated (see below). 

It must be noted that there is evidence of more than one genera- 
tidh of flint in the Chalk—^probably two. There are records of 
nodules which have been dislocated and recemented by secondary 
flint; it also is pcmble to find nodules in the Chalk which show 
secondary thickening or tubular hollows secondarily filled with 
minutely banded flint. This seems to leave the possibility that 
some flint is syngenetic and some epigenetic. However, the- 
accretionary generation is a comparatively rare phenomenon, and 
would <mly account for a minute fraction of the flint in the Chalk 
as a whole. The ^‘primary’’ ^neration forms the bulk of the 
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flint in the Chalk, and it is to this generation, therefore, that most 
of the objections raised against the syngenetic theory apply. 

The time of the main generation of flmt in the Chalk was most 
probably shortly after consolidation, when the formation was being 
uplifted at the end of Cretaceous times. Its formation may have 
taken place within a comparatively short time. The evidence in 
the Belgian Chalk indicates that most of it is post-Maestrichtian— 
some of it is even post-Montian—while the green-coated flints in 
the BuU-head Bed at the base of the Lower London Tertiaries are 
proof of its pre-Landenian origin. 

We may now follow the mode of formation of flint in the Chalk 
as envisaged by Wroost. He considered that as the Chalk was 
being uplifted, atmospheric waters charged with carbonic acid 
percolated downwards. The carbonic acid would have been in an 
ionised state; the free CO a ions would have attacked the chalk 
and so produced a solution of calcium bicarbonate. The amoxmt 
of calcium bicarbonate formed in this way would be limited by the 
solubility of normal chalk under the pressure operating at any 
particular level and by the number of free CO 3 ions in the water. 
A certain number of free CO 3 ions would continue to exist after 
the solubility limit of the chalk had been passed. Silica occurring 
in the chalk as sponge spicules would be in the condition of opal. 
Each component particle of opaline silica, which is a colloidal gel, 
has an envelope of adsorbed water molecules; in the presence of 
a weak acid (e,g. carbonic acid) such particles would have adsorbed 
any free CO 3 ions left over after the maximum amount of calcium 
bicarbonate possible for the chalk in question had been formed. 
This would render the silica in the state of a colloidal sol, and 
therefore free to travel downwards wdth the percolating water. 
The mobilisation of the silica through removal of free CO 3 ions 
from the water would have rendered the bicarbonate content of the 
water less stable, and there would consequently have been a tendency 
for calcium carbonate to separate out with liberation of more free 
COs ions. This would account for the common occurrence in the 
chalk of siliceous sponges replaced by calcite. 

Eventually a state of equilibrium would be reached, and there 
would be no change in the relative quantities of calcium bicarbonate 
and silica-sol in the percolating water 50 long as the solvbility of the 
chalk through which it was passing remained the same. However, on 
reaching a level at which there was a sudden increase in the soluMhty 
of the chalk, the silica-sol would lose its adsorbed 00 ^ ions to the 
calcium carbonate, whc^ claim to it would then be the 
The more soluble chalk would thus go into solution as 
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bicarbonate, and the silica, robbed of its mobilising CO 3 ions, would 
pass into the state of a gel, eventually becoming flint through 
dehydration and development of micelle-structure (i.e. the chalce¬ 
dony meshwork of flint). It will readily be seen that in this way 
chalk would be replaced by silica, particle by particle. 

Wroost has shown that by giving consideration to the different 
ways in which the solubility of chalk may be increased, it is possible 
to account for almost all the modes of occurrence of flint m the 
Chalk. Two of its most striking modes of occurrence are as internal 
casts of sea-urchin tests, and in rhythmically spaced tabular layers 
or bands of nodules. 

The occurrence of discrete internal casts in flint of echinoid tests 
has been diJB&cult to explain on the basis of any of the earlier theories 
of the origin of flint. Wroost points out, however, that the chalky 
mud filling or partially filling an echinoid test would have been 
protected by the calcite corona from the close compaction to which 
chalk outside was subjected. The uncompacted chalky mud would 
present percolating water with a greater total surface area of cal¬ 
cium carbonate particles than normal chalk, and would, therefore, 
in Wroost’s opinion, be more readily soluble. If water holding the 
maximtim bicarbonate content for normal chalk, and at the same 
time bearing silica-sol, percolated through one of these mud-filled 
tests, it is believed that replacement by sihca-gel would immediately 
take place. For this reason: the calcium bicarbonate content of 
the water would be below the maximum for the more soluble form 
of chalk within the test. In consequence CO 3 ions would become 
detached from the silica particles ; the chalky mud would thus pass 
into solution as calcium bicarbonate pan passu with the separation 
of the silica from the water as a gel. 

In support of the idea that differential solubility was the con¬ 
trolling factor in the formation of these discrete flint casts, it may be 
noted that normally the calcite test itself is not replaced by flint. 
It is a fairly general rule that calcite shells {e.g. Inoceramus) 
embedded in flint are found to have resisted siHcification, whereas 
aragonite skeletons [e.g, the coral Parasmilia) are in the same 
circumstances invariably silicified. Calcite is the least soluble form 
of calcium carbonate, wheres^ aragonite is one of the most soluble 
forms. 

The occurrence of flint in. rhythmically spaced bands appears 
to neatly explicable according to the same general principles. 
The solubility of calcium carbonate rises with pressure, so that as 
atmc^heric water passed downwards through the chalk the amoimt 
of calcium bicarbonate which it would have held would have 
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increased with depth. The bicarbonate content would not have 
risen uniformly owing to the bondage of CO 3 ions ; but as the water 
bearing silica-sol and calcium bicarbonate passed certain critical 
pressure-surfaces, the forces bindiug CO 3 ions to the particles of 
hydrated silica would have been overcome ; chalk would then have 
passed into solution as calcium bicarbonate, while silica would have 
separated as gel. Gelation of silica, once started, would have con¬ 
tinued beyond the limits imposed by the increased solubility of the 
chalk, and in this way an excess of calcium bicarbonate would 
result. As the water continued to percolate downwards, free CO 3 
ions would have been released from the excess bicarbonate, causing 
the separation of calcite and the mobilisation of more colloidal 
silica. On reaching the next critical pressme-surface the whole 
process would be repeated. 

The spacing of the bands of flint formed in this way, and also 
their individual continuity and thickness, would depend on such 
variable factors as the amount of mobile silica available in the 
percolating water when it reached a critical pressure-surface ; the 
veortical distribution of siliceous sponges in the chalk ; the frequency 
of marly bands (where solubility would be reduced); and the rate 
of percolation of the water. 

Given the necessary physico-chemical conditions for the separa¬ 
tion of silica-gel at the expense of chalk, there would be a natural 
tendency for the process to commence wherever gelatinised silica 
was already present. It is presumably for this reason that siliceous 
sponges which escaped initial dissolution tended to act as nuclei 
for the formation of flint. A siliceous or silictfled sponge is very 
commonly found forming the core of a flint nodule. 

Once the gelatinous silica had developed micelle-structure, as we . 
may call the chalcedony meshwork, subsequent percolation of 
carbonated water through the chalk would have had only the effect 
of removing the opaline matrix, thus producing the white cortex 
(a coarse patina) invariably exhibited by flint n^ules in the Chalk. 

Wroost’s theory of the mechanism of epigenetic replacement 
demands an abundant supply of carbonic acid in the percolating 
ground-water. It is perhaps debatable whether the carbonic acid 
in rainwater would have been sufficient for the purpose, but bacterial 
activity in soils formed on the surface of the uplifted chalk would 
have been an additional source of carbon dioxide. Another unsolved 
problem is the reason for the practical restriction of flint to the upper 
part of the Chalk in this country. One su^estioh which requires 
examination is that the primary generation of flint W€^ limits hy 
the level to which the water-table sank during the initWl 
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In spite of these UBsolved problems, there is no doubt that from 
the geological point of view Wroost’s theory goes much further in 
the direction of providing a complete explanation of Cretaceous JBiint 
than any previous one. One thing the theory does emphasise is 
the delicacy of the balance of electro-chemical forces involved in 
siliceous replacement of limestone. However, the jSnal verdict 
regarding the workability of the suggested physico-chemical 
mechanism must rest with physical chemists. It is hoped, there¬ 
fore, that this brief exposition of recent views on flint, however 
inadequate, may at any rate serve to focus attention on Wroost’s 
work, and stimulate geologists and physical chemists to give it 
critical consideration. 
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THE DISINTEGRATION OF CELLULOSE 
IN THE ALIMENTARY CANAL OF 
HERBIVORA 

By FilA3m BAKER 
lNTROi>Trca?iO]sr 

Ever since the investigations of Haubener in 1855 [1] it has been 
known that a disintegration of cellulose takes place during the 
passage of the food through the alimentary canal of herbivora—a 
circumstance which, in addition to its economic importance, is of 
considerable biological interest. In ruminants the major focus of 
this process is generally allocated to the rumen, in non-ruminants 
to the csBcum. The actual amount of cellulose digested is variable 
and is ■'influenced by a number of factors including the accessory 
constituents of the diet. In view of the fact that ail efforts to 
demonstrate the presence of an enzymatic secretion have failed, the 
changes produced have by common consent been attributed to the 
action of micro-organisms. This conclusion receives support from 
the fact, first demonstrated by Tappeiner in 1888 [2], that a dis¬ 
integration of cellulose can be induced in vitro by the inoculation 
of appropriate media either with faeces or with gastric or intestinal 
contents. Indeed, from that time onwards, a number of micro¬ 
organisms have been isolated in pure culture and their claims to a 
primary role in the cytoclastic process successively advanced. We 
may recall in this connection the isolation of an Aspergillua by 
EUenberger [3], of anaerobic spore-formers by Choukewitch [4], of 
jB. cellulosce dissolvens by Khouvine [5], of Plectridium cellulolyticum 
by Pochon [6], of thermophilic species by Woodman and Stewart [7], 
and of several aerobic species by Arnaudi [8]. But it cannot be 
said that these claims carry ultimate conviction; since severally 
each can possess no more than a quite provisional substantiation 
whilst collectively they are irreconcilable. Indeed, by the exclusive 
application of pure-cultural methods, it must always remain difficult 
or impossible effectively to distinguish real inhabit^ts from 
casual passengers through the gastro-intestinal tract. The food oi 
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herbivora is always contaminated with cytoclastic species from the 
soil or elsewhere ; and any one of these species may acquire a pro¬ 
minence on artificial media altogether disproportionate to its func¬ 
tional significance in the viscera of the animal. For these reasons, 
as in the parallel coimection of soil microbiology, a direct micro¬ 
scopical observation of the micro-oi^anisms present and of the 
changes occurring under natural conditions is pre-requisite both to 
the initial prosecution and to the final elucidation of pure cultural 
enquiries. 

Observations of this kind, however, have in the past been largely 
confined to the indigenous protozoa almost to the neglect of other 
species. The work of W. Henneberg [9], it is true, published in 
1922, constitutes a notable exception ; but does not appear to have 
been suflBlciently followed up. Henneberg showed that the disin¬ 
tegration of cell-wall substances can be demonstrated microscopic¬ 
ally owing to the formation, by the responsible micro-organisms, 
of zones of erosion upon the affected vegetable structures. Faeces, 
material firom the gastro-intestinal tract, from dunghills and from 
composts, were all investigated; but no consistent attempt was 
made directly to interpret the results obtained. Moreover, the 
mere observation of zonra of erosion on the affected structures and 
the use of simple micro-chemical tests does not in all cases suffice 
adequately to characterise the nature of the substances attacked. 

Subsequent to the period of Henneberg’s researches, however, 
the importance of polarised light as an instrument of microstructural 
investigation has achieved increasing recognition both in purely 
academic and in industrial connections. Through the observation 
of changes in double refraction, the organisation of micellar struc¬ 
tures can be studied in great detail and with an accuracy that is 
unobtainable by the traffitional histological technique. Amongst 
such micellar structures the birefrmgent polysaccharides of the cell 
wall, of which in the vegetable kingdom cellulose itself affords the 
prototype, yield particularly favourable material for investigation. 
Thus, by the conjoint application of polariscopic and micu'ochemical 
methods, the disintegration of cellulose is rendered accessible to 
direct microscopical observation; and the original procedure of 
Henneberg acquires a precision it does not otherwise possess. A 
technique incotrporating these features was therefore developed by 
the author and has systematically been applied to the study of the 
eytodastic process in herbivora. Before proceeding, however, to 
summarise the results of the inv^tigation it is necessary clearly to 
envisc^ the criteria of disintegration adopted. 
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Criteria of Disintegration 

(1) Loss of Double Refraction in Polarised Light. —^The cellulose 
and hemicellulose components of the wall are bi-refringent. Dis¬ 
integration, consequently, is accompanied by loss of double refrac¬ 
tion. Under crossed nicols the affected regions appear as sharply 
outlined black patches, the intact substratum affording a luminous 
white background. 

(2) Change in Microchemical Reaction. —^The presence of cellulose 
and/or hemiceffulose is indicated both by a blue reaction with 
chlorzinciodine and by a strong affimity for tetrazonium dyes. 
Within the zones of erosion these reactions entirely fail. 

(3) Dichroic Intensification in Polarised lAghl. —^Under a single 
nicol, after treatment with either of the above reagents, the cellu- 
losic components of plant structures exhibit dichroic intensification. 
The maxima fall parallel to the longitudinal alignment of the micellar 
chains [10]. By this means, therefore, (a) the specificity of the 
staining and micro-chemical reactions can be controlled; {b) the 
persistence or disorganisation of the micellar substratum within a 
given region may be determined with accuracy. 

Practical details of these procedures have elsewhere been des¬ 
cribed at length. The investigation of the changes taking place 
can stiU further be extended by the use of additional and familiar 
microchemical tests and by examination before and after extraction 
with appropriate solvents. 

These methods have been applied to material from the stomach 
and caecum of the sheep [15], and from the caecum of the guinea-pig 
[11, 12, 14], rabbit [13] and horse [16], The results obtained appear 
to be definitive and enable certain conclusions to be drawn regarding 
the biological factors concerned in the disintegration of cellulose 
in ruminant and non-ruminant herbivora. In this connection we 
propose to consider (1) the cytoclastic process, viz. the nature and 
extent of the changes observed in the cellulosic substrate; (2) the 
cytoclaistic agents, viz. the charaoteristics of the responsible micro¬ 
organisms ; (3) the functional significance of the iodophile micro¬ 
flora; (4) the general characteristics and functional significance 
of the indigenous protozoa. In the course of our discussion some 
reference to the extensive and controversial literature which has 
accumulated will be inevitable; though no attempt at an historical 
survey will be made. 

Tub Ovtoclastic Process 

Essentially similar features attend the disintegraticn of oeDulosic 
structures both in the caecum of non-ruminant and in the stomach 
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of ruminant herbivora. All the criteria of disintegration advanced 
above are uniformly satisfied. The process is primarily evidenced 
by the formation of zones of erosion around the responsible micro¬ 
organisms, which are attached to the disintegrating material. These 
zones will be referred to as lacunae. The contours of the lacunae 
correspond throughout to the outlines of the micro-organisms. Loss 
of double refraction in the afiected regions is entire and coincides 
precisely with loss of, or change in, microchemical reaction. 

Such features have been observed in epidermal cells, stomata! 
guard-cells, epidermal hairs, isodiametric parenchyma and in the 
sclerenchymatous prosenchyma of baist and xylem. By extracting 
with 4 per cent, and 17-5 per cent, alkali it can be shown that, in 
addition to hemicelluloses, the more resistant forms of cellulose are 
also attacked. The cytoclastie process is vectorial and bears a 
definite relationship to the micellar configuration of the substrate. 
The directional maxima of resistance run parallel to the main 


EXPLANATION OP PHOTOMICROGRAPHS 

1. Disintegration of cellulose. Surface of two contiguous cell walls. Polarised 

light. Crossed Nieols, The disintegration results in the formation of 
zones of erosion in which the double-refraction of the cellulose entirely 
ceases. Caecum of Horse. X 500 (about). 

2. Ditto. Surface of cell wail. Stained Congo-Ked and Iodine. Transmitted 

light. The causative agents are iodophile micro-organisms (black). Around 
each chaiin of ** coccoids ” (see text) can be seen a clearly defined zone of 
erosion. Csecum of Horse, x 1400 (about). 

3 and 4. Surface of contiguous cell-walls. 

(3) Polarised light. Crossed Nieols. Pormation of zones of erosion with 
loss of double-refraction. 

(4) Same preparation. Nieols uncrossed. + Iodine. Distribution of 
iodophile micro-organisms corresponds precisely to margin of zone of 
erosion in (3). Rumen of Sheep. X 400 (about). 

5 and 6. Surfaces of cell walls. Polarised light. Crossed Nieols. Extensive 
formation of zones of erosion. Early (5) and advanced (6) stages of dis¬ 
integration. Rumen of Sheep. X 400. 

7. Surface of cell wall. Transmitted light. Stained Congo-Red and Iodine. lodo- 

phile micro-organisms (coccoids) in zones of erosion, cf. (2). Rumen of 
sheep. X 800 (about). 

8. Surface of cell wall. Tracismitted light. Stained chlorzinciodine. Iodophile 

micro-organisms at margin of dismtegrating wall. Csecum of Horse, x 800 
(about). 

9 and 10. Surfaces of contiguous walls. 

(9) Polarised light. Crossed Nieols. 

(10) Nieols uncrossed, -f Iodine. 

The distribution of iodophile micro-oiganisms in (10) corresponds 
precisely to the marginal loss of double-refraction in (9). cf, (3 and 4), 
Caecum of Horse, x 600 (about). 

The photomicrographs show that the disintegration of cellulose follows a similabr 
course in the stomach of ruminant and in the caecum of non-iuminant herbivora. 
In both cases dismtegration is aiccompani^ by loss of double-refraction, and of 
staining or mierochemical reaction, in the affected regions. The causative agents are 
iodophile micro-organisms whose activities result in the formation of the zones of 
erosion observed. 
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valance ILakages. Conversely, the directional minima correspond, 
inter alia, to the distribution of water in the inter-micellar spaces 
[14, 16]. Disintegration may be markedly influenced by impregna¬ 
tion of the ceUulosic substratum with encrusting substances. It 
appears, for instance, to be unaffected by the presence of pectic 
constituents. Cutin and suberin, on the contrary, are not attacked, 
and confer immunity on structures in which they are incorporated. 
Hemicdluloses appear m some instances to accelerate disintegration. 
Slightly hgnified but heavily thickened selerenchyma, for example, 
may be rapidly disorganised. The hemicellulose content of such 
tissues, moreover, is known to be high. Heavily lignified tissues, 
meanwhile, such as the larger spiral, annular or scalariform vessels, 
remain intact. It may therefore be supposed, that, at least in 
certain cases, the ease or difficulty with which sclerenchymatous 
structures are attacked is related to the lignin-hemicellulose ratio 
of their constituents ; lignin inhibiting and hemicellulose favouring 
the cjdioclastio process. But this hypothesis must be advanced 
with some reserve; especially since it is necessary to discriminate 
between one hemicellulose and another, and between lignin itself 
and the phenolic or aldehydic derivatives by which it may be 
accompanied. 


The Cytoclastic Agents 

The proximate cause of disintegration is the activity of micro¬ 
organisms exercised in situ upon the surfaces and within the inter¬ 
stices of the vegetable fragments. These micro-organisms present 
similar characteristics both in the stomach of ruminant and in the 
caecum of non-ruminant herbivora [15]. Vibrionic and coccoid 
forms are encountered which appear to be stages in the life history 
of some single polyphasic species [op. cit., 14, 16, 16]. Small 
granules appear in the vibrios which progressively increase in size. 
Thus the vibrionic or spiriloid forms give place to chains of coccoids 
of variable length and diameter. Between coccoids of extreme 
dimensions every transition can be observed. An outstanding 
feature of the micro-organisms is their blue-mauve reaction to iodine 
which enables them readily to be detected in situ ; but which is far 
stronger in the final and coccoid than in the initial and vibrionic 
phase. 

It is clear from these observations that the features which 
attend disintegration in ruminants and non-ruminants are esraentiaily 
similar both in regard to the effects produced and the causes opirara- 
tive in their production. Nevertheless, they are diffeimitly IcKS^sed 
in the respective instances. Thus whereas in the csecum o£ tarn- 
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ruminants the disintegration of cellulose is actively in progress, in 
the caecum of ruminants the changes taking place in the rumen have 
long since come to a standstill* The vegetable fragments conse¬ 
quently are in this case observed to be in a very advanced stage of 
disintegration; but the iodophUe micro-organisms so conspicuous 
upon them in the stomach are for the most part absent from the 
still visible lacunae. Here, therefore, as in many other respects, 
the caecum and the rumen appear to discharge analogous functions 
and to stand in a compensatory relation. 

The Ftjkctional Sionificance of the Iodophile Microfloea 

Due emphasis having been laid upon these differences of localisa¬ 
tion, we may now consider some of the more general features of the 
pattern of microbiological relationships in which the cytoclastic 
process is included. Amongst such features the prevalence of an 
iodophile habit in the indigenous micro-organisms is especially 
conspicuous. In the caecum of the guinea-pig, for instance, an 
iodine reaction may be observed not only in the cytoclastic species 
already mentioned but also in the enterococci proper, in the giant 
spore-forming bacillus, B. davice of Schussnig [17], in a large spore¬ 
forming organism of uncertain identity figured by the author 
[12], and in the colourless oscillarian, Oscillospira Ouillermondi, first 
noted by Chaton and Perard [18] and subsequently described in 
detail by H. Simons [19], Similarly, in the caecum of the horse no 
less than seven iodophile species have been indicated by the author, 
of which four remain taxonomically unidentified. Now the mere 
presence of an unspecified iodine reaction already indicated, as 
Zopf [20], Boas [21] and Henneberg [22] had independently observed, 
the sucrophile tendency of a micro-organism. But, in addition, it 
is noticeable that in the micro-organisms of the paunch or caecum 
it is polysaccharides of the blue reacting or amylodextrin type rather 
than of the red reacting or glycogenic type that tend specifically 
to predominate. In this connection the example of Oscillospira 
acquire reinforced significance since, according to Fritsch and 
West [23], in the majority of free-living species fat or glycogen alone 
constitute the normal storage products. Nor can the observed 
deviation in Oscillospira be attributed solely to its adoption of a 
saprophytic existence; since, in the otherwise similar osciUariac 
of the human mouth, described by Reiner Muller and FeUinger 
[24], it is the red'-reacting polysaccharide that is once more encoun¬ 
tered. Finally it may be emphasised that the iodine reaction so 
wnspicuous in the cytoclastic micro-organisms of the paunch and 
caecum is inconspicuous or absent in the cytoclastic species of the 
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soil; whether aerobic such as 8. cytophaga, or anaerobic, such as 
the bacilli of Omelianski. On these and other grounds, therefore, it 
is at least legitimate to entertain the opinion that the prevalence 
of a particular pattern of polysaccharide condensations in these 
micro-organisms may be stimulated by the secretions and subor¬ 
dinated to the metabolic requirements of their host. More pre¬ 
cisely, the hypothesis may be advanced [13, 14, 16] that the micro¬ 
organisms here specifically function as acceptors of soluble carbo¬ 
hydrates ; and so protect from further degradation the sugars 
liberated in the cytoclastic process. On this assumption, how¬ 
ever, the store of carbohydrate initially deposited must at some 
subsequent and appropriate period be set free. Now it is at least 
in provisional agreement with this requirement that, in the fseces of 
aU the animals so far examined, the iodophile species are either 
conspicuously reduced in numbers or have else entirely disappeared. 
This reduction is, as we have seen, effected in ruminants before, but 
in non-ruminants only after, the food has passed the caecum. We 
may now proceed to examine the agencies by which it is brought 
about, amongst which the activities of protozoa may play an im¬ 
portant part. 

The Geeebal Chabacteeistics ahb Functional Signieicance oe 
THE Indigenous Peotozoa 

{a) In the Stommh of Ruminants .—^The presence of protozoa 
both in the paimch of ruminant and in the caecum of non-ruminant 
herbivora was known already to Gruby and Delafond [25] in 1843. 
A few additional types were included by Colin in his Traite 
[26] of 1854, whilst by 1870 Stein, in a classical memoir, had 
described several species and genera of the Ophryoscolecidae. Since 
that date the structural features and taxonomic relationship of this 
and other families of the Entodiniomorpha have become the subject 
of an extensive literature ; in which connection the earlier investi¬ 
gations of Schuberg [27], Braime [28], and in particular the magni¬ 
ficent monograph of Dogiel [29], may esj^cially be recalled. The 
great size of the representative species, their peculiar morphology, 
structural elaboration and hypertrophy, have often been remarked ; 
and lend to them many of the characteristics which phylogenists 
assign to climax types. Particularly noteworthy is the frequent 
presence of organised internal deposits, the so-called skeletal sub¬ 
stances, which contain a bi-refringent polysaccharide showing 
of the reactions of cellulose. In these and other resj^ts the pro¬ 
tozoa of the paunch stand in marked contrast to tho^ of ibe ediy 
in which only the simpler levels of structural and function^ 



294 . SCIENCE PROGRESS 

tion are commonly attained. No less remarkable than their morpho¬ 
logical characteristics is their numerical ascendancy; reaching in 
the sheep, according to the estimate of Ferber, a figure of 10* per c.c. 
[30]. Nineteen species of the genera Diplodirdum, Entodinium, 
Oxjdrieha and Isotrioha, respectively, have been recorded in this 
animal [31]. Other and comparable estimates are those of Wino- 
gradowa-Fedorowa [32], Dogiel [33] and Becker [34]. In face of 
these facts, interest has naturally been focussed upon the functional 
status of the organisms and their relation to the metabolic process 
of their host. Thus from an early period an abundant ingestion of 
vegetable particles has been remarked. The digestion, moreover, 
of starch, glycogen, glucose and lactose, appears definitively to have 
been established by Trier [35] and, is confirmed by the later investi¬ 
gations of Westphal [36]. Mangold [37] records that milk globules 
are dissolved; so that, since these possess an envelope of casein, 
an active proteolysis may be assumed. The breakdown of ohloro- 
plasts witnessed by Trier supports the same conclusion. Becker 
and Mowry, moreover, have determined that the numbers of pro¬ 
tozoa fan conspicuously when the animals are fed on dry hay which, 
though rich in cellulose, is deficient in proteins [38]. It may be, 
therefore, that both the proteins and, the growth-promoting sub¬ 
stances of green foodsttiffs are essential to their welfare. 

A far more controversial issue is the capacity, with which the 
protozoa have from time to time been credited, effectively to digest 
and utilise the cellulose of the plant structures ingested. This is 
affirmed by some authorities amongst whom Eberlein [39], liebetanz 
[40], Schuberg [41], Weineck [42] may be numbered, and no less 
emphatically denied by others such as Bundle [43], Scheunert [44], 
UsueUi [46], Dogiel and Federowa [46], and Westphal [36]. 

Countenance has been lent to this assumption through the 
demonstration by Cleveland of the role of Hypermastigotes in the 
dig^tion of cellidose in hgnophagous termites and roaches [47, 48]. 
But the analogy is by no means a complete one since the Hyper¬ 
mastigotes lack entirely the capacity to digest starch possessed by 
the Entodiniomorpha. 

Now in attempting justly to estimate the validity of these rival 
standpoints the followmg facts appear of importance, though they 
have very commonly been ignored. In the first place it is con¬ 
spicuous that the size of the larger proportion of vegetable fragments 
presmit is initiaEy such as absolutely to prohibit ingestion by the 
protozoa. It is in point of feet only the smaller particles that are 
ingested. But such fragments have usually been excised by the 
action of the cytoclastic species described above, and by which in 
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many cases they are still accompanied. It seems probable, there¬ 
fore, to the point of certainty that the disorganisation witnessed 
has been effected prior rather than subsequent to the ingestion of 
the particles by the protozoa. To these organisms, then, if any, 
only a secondary role can directly be assigned in the disintegration 
of cell-wall substances in the rumen [16]. 

This is by no means to infer, however, that in an indirect and 
subordinate capacity they may not play a significant part in the 
functional organisation of the cytoclastic process. On the contrary, 
it is evident from the above facts that they conspicuously operate 
as agents in the removal of the iodophile micro-organisms. In ad¬ 
vance of further considerations, therefore, it ^ certain that they must 
contribute in a definitive manner to the maintenance of statistical 
normality between the members of a balanced population. But this 
is not the only role with which they can legitimately be credited. 

The maximum development of the protozoa, for instance, is 
witnessed in the rumen and reticulum ; whilst in the omasum their 
rate of division can commonly be observed to fall. In the first two 
localities they are rich in paraglycogen, their skeletal rods remain 
intact and their meganuclei are prominent and deeply stained. 
These features are in marked contrast to those observed in the 
abomasum. Here the alkaline secretion of the rumen and omasum 
is replaced by a true gastric secretion which is strongly acid and 
contains a peptic enzyme. Concurrently, phenomena of advanced 
disorganisation are witnessed in the protozoa. The cytoplasm 
shrinks, the meganucleus becomes deformed and the component 
particles of the skeletal rods dissociate. These processes culminate 
in the entire digestion of the ceU contents, only the resistant cuticular 
membrane still persisting as an empty case. Within such eviscerated 
cuticles both ingested starch grains and iodophile micro-organisms 
have, in the majority of oases, entirely disappeared, though plant 
fragments, particularly those rich in non-cellulosio residues, may be 
observed in situ. Facts of this kind make it clear, in the first place, 
that the reserve of polysaccharide initially deposited in the iodophile 
species has been assimilated by the protozoa; and, in the second 
place, that, through the eventual digestion of the protozoa them¬ 
selves, the totality of these carbohydrates may in due course become 
available to the metabolic process of the host organism. On this 
assumption, therefore, whereas the activities of the iodophile micro¬ 
organism are primarily organised with reference to the storage^ the 
^tivities of the protozoa contribute es]^cially to the effeetiye 
translocaticm of the soluble carbohydrate libemted in the cjrfeDictesSe 
process. 
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(A) In the Gcecum of Non-rumiruints .—^With regard to the number 
and activity of the protozoa indigenous to their csecum, the non¬ 
ruminants so far examined appear to form a graced series. At the 
one extreme, as in the horse, we encounter associations which 
approximate in character to those witnessed in the paunch. 
Amongst the prevalent organisms, for instance, are typical Ento- 
diniomorpha of which, however, the Gycloposthidse here replace the 
Ophryoscolecidse of ruminants. In Cycloposthium Upalmatum, the 
commonest of this family, the ingestion and digestion of both starch 
grains and micro-organisms may ubiquitously be observed [16]. An 
ingestion of ceU-waU structures can also be established though it 
occurs more rarely. In the genera of other families such as Blepharo- 
conus, Didesmis, and Paraisotricha no ingestion of vegetable frag¬ 
ments could be observed at all; though both io<^e-reacting 
bacteria and starch grains were present in large numbers. Finally, 
in the genus Blepharocorys, even starch grains appear to be exclud^ 
and the visible diet exclusively confined to bacteria. As in the case 
of the rumen, therefore, it appears very unlikely that the indigenous 
protozoa of the csecum are directly concerned in the disintegration of 
cellules. Similar conclusions, in the meantime, to those advanced 
above are still valid in regard to their role in the preservation of 
statistical normality and in the translocation of carbohydrates. 
These conclusions, however, cannot be extended to the other extreme 
of the series as represented by the rabbit. For here, even in animals 
obtained from widely separated localities, both spirochsetes and 
protozoa may, in the experience of the author, be entirely absent. 
The reduction of the iodophile microflora still witnessed in the 
faeces must m this instance be occasioned by a different agency, 
and the translocation of carbohydrate effected along some alterna¬ 
tive route. The guinea-pig is intermediate between these extremes. 
As in the horse, both spirochaetes and protozoa are present in large 
numbem. The protozoa, however, are confined for the most part 
to small species such as Trichomonas and Hexamitus [14], Although 
an in^tion of iodophile micro-organisms can be observed, it appears 
quite insufficient to account for the reduction observed in the fseces. 
Again, the Entodiuiomorpha encountered in the horse are lacking; 
so that a direct comparison with the microfauna of the paimch can 
no longer be sustained. 

Conclusion 

Even from a cursory examination of these data, it will be evident 
that many details of the cytoclastic process in herbivora stand 
urgently in need of further investigation; not only by biochemical 
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and pure cultural methods but, also, by the direct microscopic 
examination of fresh or preserved materials. 

The influence of changes of diet both upon the characteristics 
of microflora and fauna and upon the amount of cellulose digested 
is a case in point, and acquires a special importance where, as in 
the instance of domesticated animals, the enhancement in amount 
and marketable value of their products is secured by intensive 
feeding. Again, the variation in numbers and relative proportions 
of the indigenous species at different phases of the digestive process 
requires to be more accurately determined and the results evaluated 
by an appropriate statistical analysis. The resolution, however, of 
both this and the previous problem devolves to an important extent 
upon the development of a satisfactory method for the continuous 
collection of fresh samples from the living animal. Precisely in this 
connection the combination of the methods of direct microscopical 
observation described above and the admirable fistular technique 
elaborated in recent years by Quin [49], suggest a number of 
profitable and hitherto unexplored avenues of approach. 

A problem which is far more difficult of resolution and which is 
perhaps m the nature of the case insoluble concerns the actual origin 
of the micro-biological associations established. It is impossible, 
for instance, to state, in advance of further investigation, whether 
or not these specifically cytoclastic species are imported anew from 
without at each generation; or whether they are continuously 
transmitted from one animal to another. In the case of many of 
the protozoa, however, it is evident that the second alternative is 
the one exclusively adopted. The entire order of Entodiniomorpha, 
for example, show no close affbaity to any free living species and, as 
already stated, are sharply distinguished in their morphological 
features from the common protozoa of the soil. A parallel instance 
is afforded by the Hypermastigotes of termites and roaches. Cleve¬ 
land [48] has shown that similarities in the microfauna are attendant 
upon the taxonomic affinities of their respective hosts ; and may, 
if only conjecturally, be in principle referred to a common phylo¬ 
genesis. But identical considerations can scarcely be valid for the 
Entodioiomorpha; since, whereas, as we have seen, these are 
present in the paunch of ruminants and in the csecum of the horse 
they are absent from the caecum of the guinea-pig and the rabbit 
but recur, nevertheless, according to the observations of Von 
Eeichenow [50] and others, in the large intestine of such taxonomi- 
eally distant specie as the fruit-eating apj^. We confiKUiteit^ 
therefore, by the apparent paradox that whilst, on ^e halH^r 
the peculiarities of stractme and function so con^kaiooa 
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order are not acquired de novo in the course of a single generation, 
they cannot, on the other hand, have originated by phylogenetic 
transmission from a single ancestral type. In short, we are com¬ 
pelled to postulate a polyphyletic origin for features whose genesis 
in any ease, on any of the traditional evolutionary hypotheses, 
remains essentially obscure. 

Despite these obscurities, however, there are still a number of 
conclusions and hypotheses which the existing data make it necessary 
to consider. Thus, in the first place, it is clear, from the features 
of the cytodastic organisms themselves and from the general char¬ 
acteristics of the iodine reacting organisms, that an essential unity 
underlies the superficial diversity of the cytodastic process in 
different species of herbivora. We receive the impression, through¬ 
out, of a genuine extension to the effective range of the digestive 
process accomplished by the incorporation of a microbiological 
association organised with reference to the metabolic requirements 
of its host [ 61 ]. This association, however, whose existence is 
related in general to the “ fitness ” [ 62 ] of the inner environment and 
in particular to the prevalence of cellulose in the diet, attains different 
grades of elaboration and complexity in various species. It seems 
evident, fca: example, that the associations of the paunch of 
ruminants stands at a higher level of organisation than those of 
the csecum of non-ruminant herbivora, an advance that may be 
mtegral to the major structural and functional displacements 
attendant upon the adoption of the ruminant habit. 

For, as all the existing evidence emphatically goes to show, the 
cytodastie process is inherently dependent upon an interlocking of 
activities, and. upon an adjustment of growth rates between the 
members of a mixed population. The preservation of such a state 
of dynamic equilibrium, however, cannot be uniquely referred to the 
operation of some single biolo^eal factor. The ingestion of particles, 
for example, by the protozoa is limited in the immediate instance 
by thear respective dimensions. But the size of the particles in turn 
devolves upon the degree of trituration to which they have been 
subject; and so ultimately both upon the type of dentition and the 
nature and dmration of the process of mastication. Again, the ease 
of difficulty with which the cellulose itself is attacked by the cyto¬ 
dastic micro-organisms is, as we have seen, influenced profoundly 
by the presence of encrusting substances ; components which vary 
in kind and amount not mily from one plant species to another but 
in the smne plant at different stages of maturity and under different 
conditions of dimate and cultivation. Now th^ differences in 
fine structural organisation are reflected, as such terms as woody, 



DISESTTEGRATIOK OF CELLULOSE 


299 


herbaceous, thorny and succulent, sufficiently indicate, in the 
macroscopic features of texture and habit; quahties that determine 
to a greater or less degree the capacity of plants to attract the atten¬ 
tion and provoke the appetites of animals. Not only the dentition 
of an herbivorous species, therefore, and the relative development 
of the stomach and csecum, but also its instinctive behaviour and 
ecological context, may intervene effectively to modify the pattern 
of microbiological relationship established. Indeed, it will be now- 
apparent, that the cytoclastic process is a single and indivisible 
operation, organised with reference to the attainment of some final 
state, and determined throughout its trajectory, from the ingestion 
of the food to the expulsion of the faeces, by a complex relation¬ 
ship of internal states to external factors ’’ [63]. But, notwith¬ 
standing the essential continuity of the operation and precisely in 
consequence of the number and diversity of the factors involved, 
different stability maxima may at each level of organisation char¬ 
acterise the microbiological associations of various herbivorous 
species. In this connection, a point remains to be considered that 
has so far escaped attention. 

The increase in microbiological complexity in the associations of 
ruminants is primarily manifest in regard to the number and char¬ 
acteristics of the protozoan population. Now, in addition to the 
secondary relations of these organisms to the cytoclastic process 
conjectured above, a primary role has sometimes been attributed 
to them as a direct and additional source of nitrogen to their host. 
The validity of this assumption rests in part upon the sources of 
nitrogen utilised by the protozoa themselves. Thus it has been 
suggested by Karl Schwarz [54] that the bacteria, demonstrably 
ingested in large numbers, are capable of utilising a lower grade of 
nitrogenous compounds than either the protozoa or their common 
host. In this case there would be occasioned by the synthesis of 
microbial protoplasm, a regradation of nitrogenous substances 
which, in consequence of the eventual digestion of the protozoa, 
would in due course become accessible to the ruminant animal. If, 
furthermore, the reality of this process of biological ennoble¬ 
ment,’* as the Germans term it, were substantiated, it would evi¬ 
dently become necessary to discover the lower limit and complexity 
of the compounds utilised. Indeed, the possibility of an anaerobic 
fixation of nitrogen on the part of the C3?toolastie micro-organisms 
themselves could not then entirely be ignored. But, here, as else¬ 
where, the final elucidation of the biological factors concerned pre^ 
supposes not only a systematic and comp^tive investiga^^ 
the cytoclastic process in herbivora, but also far more 
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information than at present exists upon the influence of domestica¬ 
tion on the microbiological patterns and stability maxima of wild 
species. In the absence consequently of further data on this subject 
a more lengthy discussion would be premature. 

It remains, therefore, to notice in conclusion that in the cyto- 
clastie process a variable proportion of the cellulose present in the 
food may and normally does escape digestion, whether on account 
of the presence of encrusting substances or for reasons that are still 
obscure. Under the polarising microscope it can readily be demon¬ 
strated that these residues, subsequent to their expulsion with the 
feces, no longer remain intact but, after a short time, enter upon a 
further and rapid phase of disintegration. In the production of 
these changes, however, an entirely new system of microbiological 
relationships is established in which the activities of fungi and 
aetinomycetes often play a predominant role [55], It is clear then 
that the eytoclastic process does not culminate in the bowel but that 
the disintegration of cellulose is completed outside the animal by 
micro-organisms of an altogether different kind. The initiation of 
this second process must be due to many factors amongst which the 
by-products of digestion in the form of substances stimulating to 
fungi—a fact already evident in the case of the coprophilous species 
—^may exercise a determinant influence. Thus the point of arrival of 
the changes taking place in the intestine affords a point of departure 
for those occurring in dung, in farmyard manure and in the soil. 
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SOME ASPECTS OF TIN RESEARCH- 
PART II 

By C. O. bannister, M.Eng., Assoc.R.S.M., F.I.C. 

Henry Hell Wortley Professor of Metallurffy in the University of Liverpool 

In a previous commumcation (Science Peogress, 1938, 33, 66) 
a number of the publications of the International Tin Research and 
Development Council were summarised and reviewed, and since that 
date a large amount of further work has been published dealing with 
various aspects connected with the use of metallic tin. 

A subject of particular interest at the present time is dealt with 
in No. 85, which reports on the examination of some tinned food of 
historic interest and describes how a number of tins of meats and 
vegetables which had reposed in the Royal United Services Museum 
and the National Maritime Museum, London, were opened and sub¬ 
mitted to chemical and bacteriological analysis. Two of the tins had 
accompanied Sir Edward Parry, the Arctic Explorer, on his famous 
expeditions in search of the North-West Passage in 1824, and when 
opened they proved to be in “ what one could fairly call perfect con¬ 
dition/’ The first part of this report recounts briefliy the discovery 
of the principles of the canning process by Nicholas Appert in Prance 
and their adaptation by Bryan Donkin, a Fellow of the Royal 
Society, so that robust canisters of tinplate could be used instead of 
Appert’s firagile glass jars. So successful was Donkin that within 
seven years his tinned food factory at Bermondsey, the first in the 
world, was supplying tens of thousands of large tins to the Navy for 
Australian and Arctic Expeditions and later as ‘‘ medical comforts ” 
for crews of ships on ordinary voyages. 

Tinplates stored in a damp place sometimes become covered with 
droplets of liquid, a defect known in some works as sweatmg,’’ and 
this defect is reported upon in No. 80. It is shown that inclusions 
of zinc chloride trapped under the tin coating are responsible. It is 
stated that every pit and fissure which may be produced during the 
pickling operation which precedes the tinning of the steal may retain 
by capillarity, a small quantity of flux which becohies an inclusion. 
By suitably regulating the pickling operation, this form of corrosion 
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of the steel can be completely eliminated and the amount of flux 
inclusions considerably reduced with a corresponding lessening of the 
sweating of the tinplates. 

A new process known as ‘‘ stannising ” for coating brass, copper, 
iron, zinc and other metals with tin and which is applicable to articles 
of the most comphcated shapes is described in No. 76. This process 
consists in coating the articles with tin from the vapour phase and is 
carried out by suspending them for a few minutes in an atmosphere 
of hydrogen and the vapour of stannous chloride at a temperature 
of 600-600° C. In contact with the metal surface the hydrogen 
reduces the chloride to metallic tin which then alloys with the metal 
and the thickness and composition of the alloy formed depend upon 
the regulation of the temperature and time of exposure and on the 
proper circulation of the vapour. By passing the gases from the 
stannising chamber through molten tin they are regenerated for 
recirculation. Coatings can be applied to rough, threaded or irregu¬ 
lar surfaces and machined parts can be built up to size after first 
mac h ining to undersize. From the porosity point of view the 
stannised coatings on sheet steel strips are found to be better than 
those on ordinary tinplate. 

The electro-deposition of tin is possible from either alkaline or 
acid baths and two publications deal with these electrolytes. No. 82 
deals with alkaline solutions and shows that stannite baths have to be 
used with care owing to their liability to oxidation, whereas stannate 
baths can be used over a wide range of plating conditions. Metallic 
tin €i;nodes are satisfactory if the current density is controlled so that 
an oxide film is formed and maintained over them. The effects of 
addition agents and chlorides are considered and methods for the 
analytical control of the plating solutions are described. 

The production, maintenance and nature of the film on the tin 
anode mentioned above is the subject of a separate report, No. 91, in 
which it is shown that this film consists principally of hydrated 
stannic oxide containing some stannous oxide. 

Acid sulphate electrolytes, .which also formed the subject of an 
earlier publication (No. 56), receive further attention in No. 83, 
particularly as regards the effects produced by three addition 
agents, all of which have been found to be necessary, namely a 
sulphonated aromatic compound, e.gr. cresol sulphonic acid, a pro¬ 
tective colloid such as gelatin and a hydroxy compound such 
naphthol or resorcinol. Different combinations of ^^dition agents 
in baths of the same basic compcmtioh have be^ wmrked for nearly 
six months, and the effects of several typas of pcotective coli^ihi^ 
been examined, and it has been found that tto bath giving a: 
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sistently good deposit over the longest period contained 30 g. of tin 
(as stannous sulphate), 60 g. of firee sulphuric acid, 100 g. of cresol 
sulphonic acid, 1 g. of lysalbic acid or 2 g. of gelatin and 1 g. of 
/?-naphthol per litre. 

Tinplate, after being plated with nickel or chromium, owing to 
its high surface lustre and the fact that it can be stored without 
rusting, offers advantages over sheet steel as a basis material for 
fabrication into articles, and the factors affecting the adhesion of the 
electro-deposited metals to the tinplate are the subject of No. 79. 
“ Charcoal ” grades of tinplate (4 lb. quality) are preferable to the 
less thickly coated “ coke ” grades (1-5 lb. quality) owing to the 
reduced likelihood of rusting at breaks and pores in the plated coat¬ 
ings and because a better finish is more easily obtained and adhesion 
is improved. The tinplate must be coated with copper before nickel 
plating, but a chromium coating can be applied directly without 
nickel and copper undercoats, although without these it is more 
difficult to obtain a good finish. 

The uses of tin and its alloys in dentistry are reviewed in No. 89. 
In the introduction it is mentioned that tin has been used for £[llings 
at least since 1783. Fillings commonly contain 26 per cent, of tin 
amalgamated with silver, as this composition, suitably treated, has 
the requisite extremely small expansion during setting so that the 
fillings do not drop out and at the same time do not expand suf¬ 
ficiently to give pain. Compared with gold and silver, tin has a low 
conductivity for heat and therefore can be used closer to heat- 
saisitive p^p. 

The mechanical polishing of soft metal specimens such as of tin 
ft® microscopical examination has proved practically impossible 
owing to the fact that the abrasion necessary may produce a false 
structure to a certain depth from the surface. No. 90 describes the 
method of electrolytic polishing of tin in which the specimen with a 
cast or roughly sawn surface is made the anode in a concentrated 
mixture of perchloric add and acetic anhydride or acetic acid; a 
piece of tinfoil is used as the cathode with a current density of 9-15 
amps, per sq. cm., obtained from a direct current supply at 25-40 
volts. With a cast surface a high polish can be obtained in from 
thr^ to four minutes, but a tou^dy sawn surface may require forty 
rentes for polidmo^. SdeC^ve electrolytic etching of the specimen 

j of tdlurium on the mechanical 

in No. 81, in which additions up 
r^#4^#reent.^a^ upon. These small additions dightly 

itemsfl Imdness numbOT and the tensfle strength of tin. 
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but heat treatment does not produce permanently improved pro¬ 
perties. Tellurium considerably improves the creep strength of pure 
tin, and grain size of the specimens is found to have a marked effect 
on the creep strength. 

The working properties of plumbers’ solder having a frostly 
surface is dealt with in No. 73. It has been knowm that frostiness 
and also bad working properties may be produced by traces of im¬ 
purities and for this reason frostiness has been considered an almost 
infallible indication of inferiority. Frostiness which is now shown 
to be produced on good solder when this is cast into an overheated 
mould is due in this case to the growth of large crystals and has no 
detrimental ejffecta on the soldering operation. Some interesting 
results of work carried out by two selected plumbers are given, which 
illustrate the psychological reaction of even experienced workmen to 
preconceived ideas as to what the appearance of materials worked 
wdth should be. 

The influence of fluxes on the spreading power of tin solders on 
copper is the subject of No. 88, and this spreading power imder a 
layer of resin or zinc chloride flux has been evaluated from measure¬ 
ments of the contact angle between the solder and the flux. The 
fact that solders spread better than pure tin in either flux is ascribed 
to their lower surface tensions ; at the same time their adhesion is 
not found to be inferior. 

The factom that may determine the service life of tin-base bear¬ 
ing metals are dealt with in No. 75. It is pointed out that white 
bearing metals, rich in tin, have already been used for many years 
for conditions of severe service in a wide variety of engines and 
machines. In recent years, in certain types of internal combustion 
engines in which the loading on the bearings is very severe, trouble 
has arisen owing to the cracking and breaking up of the bearing 
metal and the study of these failures is reported. Tests carried out 
showed the degree of stress in white metal linings on thin sheet shells 
due to expansion and contraction, and also to what extent the str^ 
could be relieved by creep. The fatigue strength of bearing metals 
is dealt with, and it is pointed out that although tensile stresses are 
not directly applied durii^ the use of bearings, they nevertheless 
may be present, and the most probable cause is the tension set up as 
a result of the considerable differences between the co-efficiente of 
thermal expansion of the white metal and the steel shell upon whicdi 
it is cast. As a result of experimental work it is concluded Uka^t in 
the <^tse of tin-base white metal containing 7*0 per antiihoiiy 
and 3*5 per cent, copper, less than 2 per cent, of oadmiuTti and 
lead should be present. 
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ASTRONOMY. By A. Hunxbe, Ph.D., F.R.A.S., Boyal Observatory, 

Greenwich. 

A New Kind of Stellab System. —^Tbe bricks of which the universe 
is built are the stars. It is a very interesting fact—and a challenge 
to the theorists—^that there seems to be an element of economy in 
creation which puts certain limits to the kinds of bricks used : for 
instance, there are apparently no extremely heavy stars, though 
the range of sizes is enormous ; again, there are no middleweights 
amongst the cool stars—^they are either relatively heavy or relatively 
hght. This element of economy persists when we consider the 
buildings of the universe, the way in which the stars are associated 
together : here, too, many conceivable cosmic systems seem to find 
no place in the evolution of the universe. There are single stars, 
such as our own sun (we do not know, nor can we make more than 
tentative guesses, whether there are other planetary systems, but 
in any case planets are very small fiy, oosmically speaking). There 
are binary systems, in which two stars are sufficiently close to one 
another for their mutual gravitation to cause them to revolve in 
observable orbits ; these extend from wide pairs, whose components 
creep round each other in such long periods that astronomers have 
not yet seen more than a ficaction of the orbit, through pairs so close 
that only the spectroscope can tell them from single stars, to pairs 
whose members are so cramped together that they are almost in 
contact and raise enormous tides in one another. There are multiple 
stars (considerably more rare, thesei), such as Castor of the Twins, 
which is a visual binary of period exceeding 300 years, accompanied 
by a faint compamon, more than a minute of arc away, which 
revolves about the br^ht pair perhaps once every 16,000 years; 
each of the three components being itself a short-period spectro¬ 
scopic binary, so that the light reaching the earth comes from six 
stars in all. 

Such; mrdtiple systems, rare thou^ they are, prevent a marked 
hiatus between binary stars and the open clusters, systems contain¬ 
ing a few dozen to a few thousand stars which are separated by dis- 
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tances so great that orbital motion is not recognisable, but which 
move through space much as a flock of birds does, with common 
proper motions towards a common convergent point. If such 
systems are small and at a great distance, they may be classed as a 
single star {6 Orionis is an example which is hardly distinguished 
from a multiple star); if they are somewhat nearer they will appear 
as a hazy spot of light (such as the Praesepe cluster in Cancer); if 
they are close, the separate stars are resolvable to the naked eye 
{e.gr. the Pleiades). If such a system is extremely close, the members 
are scattered over a large area of the sky, and the cluster (which is 
then a typical moving cluster ’^) is recognisable only from the 
community of proper motion amongst its components. An extreme 
case of this is the Ursa Major cluster, which includes all the bright 
stars of the Plough except the ones at each end, and also Sirius and 
many other bright stars in totally different parts of the sky. The 
sun is evidently actually within this cluster, though not a member 
of it. The shape of these open clusters is usually quite irregular ; 
it may vary from the more or less spherical form taken by the 
Pleiades to the flattened grouping shown by the Ursa Major cluster. 

But after the open cluster the inventiveness of nature seems to 
falter. The next building unit of the universe is the globular 
cluster, which is totally different from the open cluster in size, in 
compactness, in the total number of stars it contains, and in rarity 
of occurrence. The globular cluster consists of hundreds of thou¬ 
sands of stars packed densely into a close spheroidal swarm highly 
condensed towards the centre. Even the closest is so far away that 
it is only just visible to the naked eye as a diffuse spot; it is twice 
as distant as the farthest known open cluster. With these globular 
clusters, of which we know only about 100, the number of known 
stellar systems in our own universe comes to an end : the galaxy is 
merely an agglomeration of single stars, binaries, multiple stars, 
moving and open clusters, and globular clusters, together with a 
little stray matter in the form of clouds of atoms and dust, this latter 
being by mass quite negligible, though its presence leads to spec¬ 
tacular bright nebulae and patches of irregular obscuration. And 
as far as we know, other galaxies, the so-called spiral nebulae, also 
consist of these same constituents, possibly in much the same 
proportions. 

It may be, however, that a recent discovery announce from 
Harvard {Nature, 142, 715, Oct. 15, 1938) has added another type 
of stellar system to our Hst. Shapley reports that loug-expc^aire 
plates taken at the South African out-station of the j i 

show the presence of two faint, widely-extended stellar 
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Sculptor and Fornax respectively, which are apparently neither open 
nor glohular clusters. On first inspection o£ the Sculptor cluster, 
the first to he discovered, it was thought to be an extended cluster 
of external galaxies, but subsequent examination of photographs 
taken with the 60-inch reflector showed that the individual members 
are stars, not spheroidal galaxies. The objects are about a degree 
in a.n gn1n.r dia,meter (they therefore cover four times the area of the 
full moon), and are roughly circular in outline, with smooth but not 
conspicuous symmetrical condensation towards the centre. Their 
outstanding feature is the extreme faintness of even the brightest 
individual stars, which are of apparent magnitude only 17-8. 
Brighter stam appear on the plates, of course, but these are recog¬ 
nised as foreground stars by star-counts in neighbouring regions of 
the sky. Eighteenth-magnitude stars are abundant, and altogether 
down to about magnitude 19-5, there are 10,000 stars in each system, 
thoi^h there can be little doubt that many more exist beyond the 
plate limit. It is evidently the low surface brightness of the objects 
which has hitherto prevented discovery: long-focus telescopes will 
not show such systems except with exposures long enough to bring 
out the separate star-images, whilst short-focus cameras, although 
not reaching within four magnitudes of the individual stars, will 
record the integrated clusters as hazy patches which on such small- 
scale plates might be almost anything, and would probably be put 
down to faults in the emulsion. There is, of course, no question 
of visibility to the naked eye; the integrated magnitude of the 
Sculptor cluster is only about 9-0, sixteen times fainter than the 
fidntest naked-eye stars, while the Fornax system is fainter stiU. 

Inspection <rf the photographs shows that the new objects have 
some properties in common with globular clusters, and some with 
such dose external galaxies as the Magellanic Clouds. In uniformity 
and radial symmetry they resemble globular clusters ; but by com¬ 
parison with say m Centauri, the nearest of these clusters, they are 
ten times bigger in apparent area, but send us less than one- 
huaadredth of the amoimt of light; and, moreover, their central 
ccmdmissation is far less. Sinc» aU known globular clusters are 
etxtraordinmily alike, both in size and- in other characteristics, 
asironomers be reluctant to class the new clusters with these. 
In, complete r^iolution, though not m total number of stars, they 
resemble the Maj^Uanic CSoudSj but they are too regular in outline, 
top devmd of snperg^t stars, open dusters, and diffuse nebulae, 
lomunois w dark, for this comparison to be given much weight. 

If tbas new kind of duster is to be regarded as a member of our 
galaxy, thdi even the brightest of the individual stars must be 
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dwarfs, and the linear dimensions of the whole assembly those of a 
giant open cluster. If the brightest stars are ordinary giants, the 
clusters will be close external galaxies of size approximately that of 
the Small Magellanic Cloud. ^ If the brightest stars are supergiants, 
as in our own and most ext^nal galaxies, then the clusters are 
gigantic systems like the Andromeda nebula, but spheroidal in shape 
instead of spiral, sparsely populated instead of densely, and com¬ 
pletely resolved instead of nucleated. 

Evidently the crucial test is the determination of their distances. 
With such faint stars as components, it is of course quite incredible 
that ordinary trigonometric observations of parallax will give 
measurable results. We are therefore driven back to the standard 
method for determining great astronomical distances, viz. the 
recognition of objects of known luminosity, and subsequent com¬ 
parison of the absolute magnitudes of these objects with their 
apparent magnitudes. Obviously the apparent magnitudes used 
must be correct; in particular, they must not be affected by absorp¬ 
tion of light in space, otherwise the dimming due to this cause will 
be attributed to the inverse-square effect, and an overestimate of 
distance will result. Luckily, both the new clusters lie in the south 
galactic polar cap, where absorption within our galaxy is known to 
be negligible ^ ; and where confusion with foreground stars is at a 
miniTmim ; further, there can be no appreciable absorption within 
the clusters themselves, since very distant spiral nebula can be seen 
in as great numbers through their central regions as in neighbouring 
parts of the sky. Our apparent magnitudes, then, are reliable, 
except of course insofar as photometric measurements on such faint 
stars at the plate limit are difficult anyway. The absolute magnitude 
determinations, however, are another matter. If the spectra were 
known, luminosities could be assigned to the various stars with 
reasonable certainty, but for such faint objects spectra are not yet 
available, nor indeed are they likely to be until some major advance 
in technique can be recorded. The remaining hope is in the finding 
of Cepheid variables in the clusters. An empirical relation between 
period and luminosity is now well-established for these stars, so that 
the problem reduces to finding the period of light-variation of a 
cluster variable in the new objects. 

Progress in this direction has been very recently reported fixun 
Mt. Wilson {Pitblications of the Astronomicai Society of the Faoific^ 
51 f 40, Peb. 19^9). At this observatory Baade and Hubble have 

^ The absorbing matter in our galaxy is almost bonfinad to a - 

whose trace on the celestial sphere is within 5® or lif of the omfie of 
Milky Way. 
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the advantage of the use of the 100-inch reflector, of nearly three 
times the light-gathering power of the Bloemfontein instrument; 
but on the other hand, objects so far south as the new clusters cul¬ 
minate at rather low altitudes, so that observations are limited to a 
couple of hours a night through a great air-mass. At this stage, 
then, only tentative results are available, and although in the 
Sculptor system some 40 variables have been identified, no periods 
have been definitely determined. The observational work involved 
is of course very arduous, and establishing periodicities which may 
firom star to star range from less than a day to more than two months 
is not a quick job. However, of the 40 variables, two are very 
bright, being at maximum as bright (17-8 mag.) as the brightest 
stars of the cluster, and have periods of the order of a week and 
amplitudes of the order of 1 mag. These are t 3 q)ical Cepheid 
variables, for which the period-luminosity curve predicts a median 
absolute magnitude of — 1*8. Since the median apparent magni¬ 
tude is 18-3, the distance ^ is just over 100,000 parsecs. The 
remainder of the variables are much fainter (19*6 mag.) and are 
apparently typical cluster variables, i.e. short-period Cepheids 
resembling those found in globular clusters, with periods of about 
half a day. These stars are of absolute magnitude about 0, giving 
a distance of 84,000 parsecs. Thus it seems fairly certain that the 
Sculptor cluster is at a distance of about 300,000 light years, and is 
some three or four thousand light years in diameter. We are dealing 
here^ then, with no globular cluster—^these are mostly considerably 
nearer and some 50 times less in diameter ; still less with a galactic 
open duster—these are only a few thousand light years away and 
a few score of light years across. The Sculptor cluster is evidently 
an external galaxy, farther away than the Magellanic Clouds, and 
somewhat smaller than these, but not so far as the Andromeda 
nebula. Perhaps the most noteworthy feature of the system, on 
this view, is the absence of supergiants : the brightest members are 
only — 2-3 absolute magnitude. For this reason no hint of the 
presence of the system would be obtained on a photographic plate 
untfl the exposure reaches a critical value, beyond which the giants 
of the system will appear somewhat abruptly in great numbers. 
This feature had already been noted by Shapley before the Mt. 
Wilson results were available. 

Study of the Fornax cluster shows that it is similar in essentials 

^ The relation between apparent magnitude m, absolute magnitude Jf, 
aaad distance d is 

w — iMT 5(logiod — 1), 

where d is expressed in parsecs. 1 parsec 3*26 light years. 
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to the one in Sculptor; it is somewhat fainter overall, and its 
brightest members, too, are fainter, but these characteristics could 
be produced simply by greater distance. Once again the out¬ 
standing feature is the uniform distribution of very faint stars over 
a wide area of sky, wdth no nuclei and no diiffuse nebulosity. The 
problem of its distance is, however, simplified by the fact that it 
contains at least two globular clusters. The uniformity amongst 
globular clusters has been remarked above ; it is noticeable both in 
our own galaxy and in neighbouring external galaxies, so that we 
are justified in assuming that the brighter stars of these globular 
clusters in the Fornax system are of much the same luminosity as 
those of similar clusters elsewhere in space. If this is so, the Fornax 
system is placed at about 600,000 light years, twice as far away as 
that in Sculptor, and is of about twice the diameter, say 7000 light 
years. 

To sum up, then, we are dealing here with two examples of a new 
stellar organisation whose features, though not imusual when con¬ 
sidered one by one, have never previously been observed in combina¬ 
tion ; a transition system which may equally well be regarded as a 
super-cluster of the globular type but of galactic dimensions, as a 
close spheroidal galaxy, highly resolved but lacking in supergiants 
and of abnormally low surface brightness, or as a symmetrical 
MageUanic Cloud devoid of its open clusters and luminous nebulae. 
These are all different ways of saying the same thing—^in fact, of 
confessing the unique nature of the objects. Their discovery is the 
more important in that it is entirely possible that such objects 
are of common occurrence, their peculiar luminosity characteristics 
making it fatally easy to underestimate their frequency. The 
initial discovery of the Sculptor cluster was due to a freak combina¬ 
tion of an abnormally sensitive emulsion and abnormally trans¬ 
parent observing conditions. It is in any case certain that if the 
clusters were four or five times farther away than they are, they 
would be awaiting discovery yet; are there others, then, beyond 
our present reach, and if so, how many ? The distances of the 
clusters put them well within the local group ’’ of galaxies—a 
cluster of galaxies crammed into a volume a million light years in 
diameter crammed because this is much smaller than the 
average distance between nebulse). This local group now contains 
11 members : our own galaxy, the Andromeda nebula and its two 
elliptical companions, both Magellanic Clouds, the spiral MS3, two 
irregular nebulse, and now these Sculptor-Fomax cliist^^ The 
portanoe of these new members lies in the fact that th^Ur^ 
their discovery has equalised the number of dwarf 
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galaxies in onr immediate neighborhood. If our comer of space 
is typical, then, such dwarfs should be present in other clusters of 
galaxies. It may be that certain objects of low surface brightness 
in the Virgo super-galaxy are clusters of the Sculptor-Fomax type 
at such a great distance as to be unresolved. If so, we may yet 
agaia be presented with the exhilarating spectacle of a chance 
discovery on a photographic plate starting a train of investigation 
which ends by revolutionising current ideas of the evolution of the 
universe. 

PHYSICS. By F. A. Vick, Ph.D., University College, London. 

Gas Tempebatxtbe Measubembot. —^It is well known that the 
measurement of the temperature of a gas, even of the air in a room, 
is decidedly not a simple matter, and yet it has to be attempted, 
often wdth little success, by physicists, chemists, physiologists, 
engineers and others in the course of their daily work. It is there¬ 
fore worth while considering the excellent Symposium on Gas 
Temperature Measurement arranged by the Institute of Fuel, 
together with some of the other recent papers on the subject. 

Let us first enquire, with J. G. Bennett and M. Pirani {J, Imt, 
F'uely 12, S.l, Mar. 1939) what is meant by “ the temperature of a 
gas.'^ This question is easy to answer when an ideal gas is in thermal 
equilibrium, i.e. when the average energy of each molecular degree of 
freedom is the same and proportional to the absolute temperature* 
It then immaterial whether the temperature is measured by one 
^i^rgy carrier ” rather than another, and a variety of methods is 
availaWe: 

(a) Use of properties of the gas {e.g. pressure, refractive index, 
velocity of sound) which vary in a known manner with the mean 
energy of the molecules. 

(fr) Observation of the radiation emitted by the gas, the char¬ 
acteristics of such radiation being a function of the energy of the 
mdividual molecules* 

(c) The behaviour of solids or liquids immersed in the gas, since, 
by principle of equi-partition of energy, the atoms and molecules 
of ihe sdM or liquid will acquire the same mean energy per degree of 
freedom as Aose in the gas. 

Unfortunately, in many practical cases thermal equilibrium is 
not reached. For example, a dischai^e tube containing neon at 
1 mnu ]^:<^iire and with current density of 50 milliamps per sq. cm, 
a temperature meast^^ in tenhs of electron mean energy of 
G. The energy of excitation of the gas atoms corresponds 
to a tempi^ratere of about 10,000^ C., and that of ionisation to about 
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12,000"^ C. On the other hand, the temperature increase of the 
unexcited atoms due to change in their translational energy is very 
small and a thermometer in the gas would indicate about 50° C. 
Thus we have in one gas four dijfferent temperatures,” each of 
which has a physical significance and technical importance, A 
second example, quoted by Bennett and Pirani, concerns com¬ 
bustion gases, composed principally of nitrogen, water vapour and 
carbon dioxide. The latter two gases absorb and emit infra-red 
radiation. Consequently, when the mixed gases pass through a 
water-cooled chamber, the water vapour and carbon dioxide are 
cocfied more than the nitrogen, especially if the velocity of flow is 
large. The gases will tend to separate out into parallel streams, 
and thermal equilibrium, reached by difiPusion and collision, will be 
slow in attainment. In these cases, and many others, the tempera¬ 
tures recorded by the different methods (a), (6) and (c) will be 
different. To distinguish between the various forms of energy and 
their corresponding temperatures, the term Energy Flow Trap ” 
was introduced many years ago (H. Kohn, Ann, Phys., 44, 740, 
1914), and defined as follows : In the absence of thermal equili¬ 
brium, one or more of the various energy carriers may be isolated 
m partially isolated from the others, with the result that the equi- 
partition of energy between the different degrees of freedom will 
be prevented or delayed. In these cases, each class of energy carrier 
is called an Energy Flow Trap (E.F.T.).” 

The E.F.T. systems are, in general: 

(1) Kinetic energy of translation. 

(2) Energy of excited states of atoms, molecules, or free radicals. 

(3) Energy of rotation of molecules. 

(4) Energy of vibration of the nuclei. 

(5) Potential energy of modifications, such as those due to 

ionisation or dissociation. 

With no thermal equilibrium, we are led to different values of 
temperature pseudo temperatures ”) by measuriug the specific 
properties of the various energy flow traps. For examplCj in a 
sodium vapour street lamp, the pseudo temperature corresponding 
to the energy of translation of the unexcited atoms is about 100°- 
300° C., while that correspoiading to the excited atoms is about 
1000°-3000° G. (M. Pirani and A. Ruttenauer, Das Li(M, 5, 94^ 
1935.) The first is associated with the temperature of the glass 
walls, and the second with the intrinsic brilliance of; the gas. : 

The above ccnsiderations are perfeci^ genersd. We wpl^ 
ecfusider the experimental methods of gas temperature^meiagc^ 
and it is convenient to begin with the thermocqup]e,V, ^ 
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{Chem. Zdt., 62, 308 and 485, 1938; J. Inst. Fuel, 12, S.41, Mar. 
1939) gives a survey of the materials used, beginning with the noble 
metals. The Le Chatelier couple, consisting of platinum and 90 per 
cent, platinum + 10 per cent, rhodium, is stiU the best between 
300° C. and 1600° C. One very great advantage of this couple is its 
reproducibility, since the materials can be obtained with negligible 
impurities, and the alloy can be made accurately. It should be 
noted, however, that if kept for long periods above 1500° C., the 
volatility of the rhodium gradually changes the composition of the 
alloy. The high cost of the couple has led to a search for a suitable 
substitute. Pure palladium cannot be used, because of its absorp¬ 
tion of hydrogen, which causes considerable variations in E.M.F., 
but addition of other noble metals to the palladium reduces this 
absoiption. Two such alloys, known as “ 32 ” and “ 40,” described 
in detail by O. Feussner {EleMraledtn. Zeit., 48, 636,1927), when used 
together give much higher E.M.F.S than the Le Chatelier couple, and 
the price is about half, but they can be used only to about 1200° C. 
Like all noble metals, they must be protected by porcelain or other 
suitable sheaths against attack by hot vapours or gases containing 
carbon or silicon. The use of thermocouples above 1500° C. is beset 
with difficulties. Schulze (loc. cit.) gives a summary of a whole series 
of investigations of platinum alloys, some of which can be used up to 
1900° C., but they all have the disadvantage of very low E.M.F.S. 
Feussner {Flektrotedm. Zeit., 54, 166, 1933) describes an iridium- 
rhodium aUoy which, with pure iridium as the other wire, can be 
used up to 2000° 0. At these high temperatures, magnesia, 
beiyllia or thoria sheaths are used. Great care must be taken when 
inserting platinum thermocouples into hot gases containing hydrogen, 
^ce catalytic action may take place at the metal surface, raising 
the temperature of the latter. 

For temperatures up to 600° 0., constantan/Ou, constantan/Fe 
and constantan/Ag couples are still used, blit have to be calibrated 
individually owing to the variation in composition of the oon- 
stantan. For temperatures between 600° and 1100° 0., various new 
base metal couples have found wide application, particularly alloys 
of ohromium and nickel, which best resist oxidation at the higher 
temperatures., S<^ulze ^ves tables and oiurves for a number of 
thSse. Sioeeer Z^dil have published recently reference tab^ 
^ ikK^tabtan/Fe and eonstantcm/Ou couples (Bur. Stand. J. Bes,, 

: taken when measuring ike 

EAI.F. of a thennooouple, such as attention to insulation, absence 
of induced ousrents and constancy of cold-junction temperatee, 
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are well known and need not detain ns here. In view of the common 
industrial practice of using a millivoltmeter, it should he emphasised 
that considerable errors may result from changing resistance of 
couple and leads due to corrosion, and temperature variations of the 
leads. Also, the reading of the miUivoltmeter will approximate to 
the E.M.F. only if the resistance of the instrument is high. If E is 
the E.M.F. of the couple, V the Ineasured voltage, the resistance 
of the couple and leads, R„ the resistance of the miUivoltmeter, then 

Ecn* aH but rough work, it is better to use a null method. Even if a 
potentiometer is not desired, the couple, in series with a low resist¬ 
ance galvanometer, can be connected across a standard low resist¬ 
ance through which the current is varied until the galvanometer 
shows no deflection. The E.M.E. is then computed from an 
ammeter reading. 

We come now to the special precautions necessary when using a 
tbsaaiocouple for gas temperature measurement. The indication of 
aiiaple thermocouple inserted in a hot gas depends on the tempera- 
of all the surfaces “ seen by the thermocouple, the diather¬ 
my®^ of the gas, the emissivity of the couple, the thermal con- 
dwettvity of the leads, etc. Thus the temperature given by the 
<^^ie cannot be taken to be the temperature of the gas surrounding 
it. If the gas temperature is fluctuating we have, in addition, a lag 
in thermocouple reading. If the gas is not in thermal equilibrium, 
the temperature computed when all these corrections have been 
taken into account is still a pseudo-temperature, which may or may 
not be the one required. Much the same considerations apply to a 
mdTmrj or resistance thermometer inserted in the gas. 

M. Fishenden and 0. A. Saunders (/. Imt. Fud, 12, S.5, Mar. 
IdSd) give curves and tables, based on experimental results, from 
which it is possible to estimate the errors due to radiation between 
tfcmaaocouple and walls, (There is a very useful table of emissivi- 
tterv) They show that the errors are least for thin wires of low 
eimssivity and when the gas velocities are high. Even then, the 
mmm can amount to as much as 2iW C. in 1600'’ 0. The radiation 
can be reduced by surrounding the couple with a shield therm- 
8^ insulated from it. If the gas is flowing past the couple, the 
is a tube coaxial with the direction of flow. Eishenden and 
Saimders deal, also, with estimates of rapidity of r^ponse of i 

fluctuatiag gas temperatures, and wiiJi errors due to 
eenductivity along the leads, useful curves beiiig provide 
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pTirpose. Conduction along the leads is more important when the 
couple is sheathed, C. H. Bosanquet {J. Inst. Fuel, 12, S.14, Mar. 
1939) deals with similar problems, using a more theoretical method 
and with particular reference to gases flowing in tubes. Both papers 
leave us with the conclusion that above 500° C. the radiation from 
the couple to cool walls becomes so serious that no form of screening 
is of much avail in moderate pressure gases at ordinary rates of flow. 
It is then necessary to place the thermocouple (or thermometer) in 
an open-ended tubular shield through which the gas is aspirated to 
give a greater rate of flow. The theory and application of such 
“ suction pyrometers ” is given by A. Schack (J. Inst. Fuel, 12, 
S.30, Mar. 1939). One very interesting and accurate method is due 
to Wenzl and Schulze. The thermocouple, in its sheath, is sur¬ 
rounded by a protective tube which can be heated electrically to or 
above the gas temperature. When equilibrium has been attained, 
the gas to be measured is drawn through the annular space between 
the thermocouple sheath and heated tube. If the couple temperature 
rises, the heating has been msufficient, while if it falls the liftating 
has been excessive. The true gas temperature is found by inter¬ 
polation, and can be used to calibrate other instruments. T he 
electrically heated instrument is perhaps the most accurate fom of 
iiiermoGOuple, but it is not suited to measuring gas temperakcres 
beJow that of Hie surroundings, it cannot be used above 1159° C. 
owing to the breakdown of insulatii^ materials, etc., and the nsees- 
iity of interpolation makes automatic recording difficult. The use 
cS. simple types of suction instruments is discussed by Schack. 
AnoHier interesting variation is described by B. M. T,araftTi G. 
Siddall, and K. Heindihofer (j. Inst. Fuel, 12, S.55, Mar. 1989), 
is. which a refractory brick is used as a radiation shield, with small 
c hann els for the flow of gas. The brick has small conductivity, a 
low thermal capacity, and, owing to the cellular structure, is eqaiva- 
l^t to a vMy lai^e number of thin-walled concentric radiation 
s^kis. 

Suffiment has been said to indicate the precautions necessary to 
obtmn an approx^ation to the true temperature of a gas by TTBRBajig 
of a tiiermocou^b. Many of the above considerations apply eqoally 
to other types cf thermometer. Some of these thermometers 
are discus^ in <^er papers in the sympoaum. There is aMo a 
, ptirticulaziy yaluable pap^ on the measurement of temperatures-of 
fl^mre by 0. Babaud, Y. Laure and H. Gaudiy (J. Inst. Fud,43i, 
'■;S4S, -Mat.'1939).v . ' 
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METEOROLOGY. By E, V. Newnham, B.Sc., Meteorological Office, 
London. 

Tempebatukb in eelation to Plant Growth and Survival.— 
The G. J. Symons Memorial Lecture was given by Professor E, J. 
Salisbury on April 19, 1939, and is published in the Quarterly Journal 
of the Royal Meteorological Society for July 1939 under the title 
‘‘ Ecological Aspects of Meteorology.’’ The lecturer considers first 
the differing way in which even closely allied species are affected by 
meteorological conditions, and in particular by extremes of tempera¬ 
ture, according to differences in their life histories. These considera¬ 
tions show how little can be expected from such methods as those 
of Ite CfemdoUe, and others who have followed him, for dealing with 
the factor of temperature by summation above an arbitrary minimum 
—of which the accumulated temperature ” of agricultural meteoro¬ 
logy is an example. The complications of the problem are enhanced 
by the fact that each physiological process essential to plant life has 
its own relationship to temperature even in a single species. In 
general the temperature best suited to simple vegetative growth is 
lower than that which best suits the reproductive processes of 
flowering and firuiting, but exceptions are common among plants that 
flower in the spring, snowdrops and crocuses furnishing examples 
when grown in a warm room, for vegetative growth is then vigorous 
yet flowers often fail to develop. 

Another difficulty encountered when dealing with the influence of 
temperature is that particular physiological processes are apt to be 
influenced only by the temperature at a particular stage of the life 
history of the plant, for example the buds of the garden hyacinth 
are laid down in August and the optimum temperature is about 78® F., 
while the buds of the daffodil are formed in May and require a much 
lower temperature. The temperature in these months, therefore, has 
to fee taken into account as well as that of the month of actual 
flowering when considering the influence of temperature. For a 
species to survive it is generally necessary to have a suitable tem¬ 
perature for the growth of the pollen tubes to the ovules, and the 
interval between pollination and fertilisation may be so long that 
seed formation requires that temperature shall reach a certain 
mmamum level in two consecutive years at particular seasons. In 
case of the Scots pine, pollination takes place in May of one 
aio^ fertilisation in June of the foUowdng year. The northern limit 
^ specie is therefore set by the growing infrequmicy of 00 ^- 
imee of two consecutive years with the minimum 
requirement in early summer for seed production, and liqt 
summer temperature. Evm ff see^ are produy^e^ 
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not germinate owing to the absence of the required temperature 
conditions, and these are not always confined to the occurrence of a 
long ftnm i gb period of sufficient warmth at the appropriate season for 
germination; some seeds will not germinate unless temperature 
fluctuates sufficiently. 

Coming now to the important problem of food production, the 
gain by the plant will be greatest at that temperature at which the 
rate of food production by photosynthesis is greatest relative to the 
loss by respiration. At low temperatures the loss by respiration may 
be the greater of the two and at very high temperatures the rate of 
respiration rises more rapidly with increase of temperature than does 
the rate of food production. The optimum temperature will be at 
some intermediate point, but will be different for different plants. 
For the common blackberry it is about 61° F., for the wood anemone 
about 69° F. and for the bean about 81° F. In this connecticm it 
is essential to take into account the temperature of the air immedi¬ 
ately surroimding the actual plant, and not just the temperatures 
principally recorded by meteorologists, i.c. those registered in a 
louvred screen 4 feet above the groimd and over short grass in an 
open position; that is to say we are concerned with the mimro- 
ctoate of the plant. Without this precaution one is confronted 
with apparent anomalies such as the development of abundant 
foliage in woodland plants such as dog’s mercury, and the lassw 
celandine by the beginning of February and in the wild hyacinth 
and wood anemone by the end of the month, in spite of the 
^at the optimum temperatures for food production are abcMt 
30 degrees above the average daily maximum of temperature for 
that month in the case of these plants. The explanation of the 
apparent anomaly lies in the peculiarly favourable conditions pre¬ 
vailing at that season close to the ground in deciduous woodland. 
The trees afford shelter from the wind, yet admit sunshine; the 
loose litter on the ground is a bad conductor of heat and does not 
pennit the heat which it absorbs so readily because of its dark 
ooiour from being conducted quickly to the cold soil baieath, wiih 
the result that food production may be taking place under optuMon 
temperature conditions when temperature as ordinarily measured 
in a screen is vmy mudi lower. Firbas found a difference of teaa- 
perature of neaady 80° F. between the litter at 2 cm. depth in msk 
woods and Hie air at a hmght of 1 metre. A somewhat siniaiieHr 
vstate affiiirs is found on Hie landward side of the sand dundei^ 
the Ncofolk coast. In April the dunes of medium: age are carpii(*d 
with winter annuals at th^ most active stage of growth, anektte 
sand surface is then found to be generally at least 6°F. waoMar 



METEOEOLOGY 


319 

than the air 2 feet above it, and sometimes reaches over 80° F. 
In the older dimes, the sand of which is darker on account of the 
greater humus content, temperatures of 100-120° F. have been 
observed on the sand surface. 

Yet another iQustration of the connection between the seasonal 
distribution of the physiological processes of a species and its 
climatic tolerances is furnished by two closely allied woodland 
species of wild arum or cuckoo-pint, Arum niaxMlatum, and the 
much rarer Arum ueglectum. The first winters 9 inches below the 
fitter-covered surface as a corm, safe firom aU but the most prolonged 
firosts. The new leaves, which are formed from the food reserves 
in the corm, emerge above the ground about the middle of February 
and usually wither away late in June. Arum neglectum, on the 
other hand, produces leaves early in December, and these do not 
wither until the following September. It has therefore a photo¬ 
synthetic period of about nine months, during more than half of 
which the deciduous trees and shrubs overhead are not in leaf, and 
therefore do not obstruct the fight. This advantage is gained at 
the cost of greater susceptibility to frost, and a map of the distribu¬ 
tion of the two plants shows clearly this weakness, for Arum 
maculatum is found throughout England, Wales and Ireland, in 
southern Scotland and even in Caithness, but Arum neglectum hugs 
the southern or south-western coastal regions of England and Wales. 
An analogous case is furnished by the restricted distribution of 
Scilla autumualis compared with that of scilla verm, which may 
be attributed at least in part to the greater winter exposure of the 
leaves of the former, the leaves of 8. verm appearing only in 
spring. 

Some summer annuals are safe from frost because the seeds do 
not germinate until the Spring, but are limited in their northward 
extension by a lack of sufSlcient autumn warmth for the ripening 
if not for the formation of seeds, whereas the winter annuals mature 
earlier and, in consequence of this, and of their germinating in the 
autumn, are susceptible to winter frost and not to lack of autumn 
warmth. Some summer annuals show a very good correspondence 
between their distribution and the area over which the mean daily 
maximum in September exceeds some minimum value. Southern 
Continental species of annuals have yet other temperature require¬ 
ments, being able to survive severe frost, but needing high average 
daily maximum temperature over the three months August-October. 
The north-western limit of the mean of 62° is a fair approximation 
to the north-western limit of distribution of such species considered 
in the mass. 
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The persistence of some species, notably the rare storks-bill, 
Erodium imschatum, which is a native of south-west Europe, is 
conditioned largely by the inability of the plant to survive more 
than a certain severity of frost. For such species the mean mini¬ 
mum temperature is of no importance, but only the extreme 
minimum, which need occur only once to have lethal effects, because 
all the seeds germinate at the same time. When germination tends 
to occur in batches from autumn to spring, there is a less simple 
reaction to temperature. 

The conclusion to be drawn is that temperature variations must 
be considered in detail, more attention being paid to extremes 
than to means, and in close relation to the life processes of individual 
species of plant, before the significance of temperature for plant life 
can be properly assessed. As the lecturer remarked, the relations 
of temperature and vegetation are in fact more individual than 
general, though it is true that certain biol<^car types sometimes 
prevail in specialised climatic conditions/^ 

BIOCHEMISTRY, By W. O. Kebmack, D.Sc., LL.D., F.R.S.E., Re¬ 
search Laboratory, Royal College of Physicians, Edinburgh. 

The Amino Acids of Pbotmn from Canobeous Tissue.—^T he 
problem of cancer is one aspect of the more general problem of 
organic growth. In the wild uncontrolled multiplication of tumour 
cells, something is missing which is required to co-ordinate and 
restrain the growth and bring it into harmony with its surroundings. 
Investigation of the factors which regulate normal development is 
clearly a line of approach to the problem of cancer. It is therefore 
not surprising that Kogl, famous for his brilliant researches on 
auxin, the compound which plays so important a role in plant 
growth, and of biotin, required in extraordinarily minute amounts 
for the growth of yea^ and of various bacteria, should have turned 
his mind to the problem of abnormal growth such as is presented 
by cancer. The first detailed communication by Kogl and Erxleben 
on this subject claims to demonstrate a simple but fundamental 
chemical distinction between the cancer cell and all normal plant 
and animal tissue. If this claim is substantiated it would seem 
that a new era in cancer inv^tigation will have been opened up. 

The mw discovery is in a perhaps rather unexpected field, that 
of opiical activity. The amino acids which are obtained by the 
hydrolysis of proteins contain an asymmetric carbon atom, with the 
exception of glycine, the simplest of them aJi, the molecule of which 
has a plane of symmetry and is therefore optically inactive. Ttie 
other amino acids aire theoretically capable of existing in two forms 
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which are mirror images of each other and which have opposite 
effects on a beam of plain-polarised light transmitted through them. 
One rotates the plane of polarisation to the right, the other to the 
left. Now it is found that all the naturally occurring amino acids 
belong to the ?-series. This does not mean that they all rotate the 
plane to the left. To appreciate what it does mean we must think 
of the molecule of an amino acid as a carbon atom with four different 
groups attached to it in tetrahedra fashion, a hydrogen atom, an 
amino group, a carboxyl group and another group R characteristic 
of the acid in question. 

To say that all the acids belong 
to the same series means that they 
are aU obtained from each other by 
altering this fourth group R, the posi¬ 
tions of the other three remaining 
unchanged. The effect of any such 
change on the optical activity is not readily predictable. Par¬ 
ticular acids belonging to a series of this kind may rotate the plane 
of polarisation to the right or to the left, but because of their funda¬ 
mental affinity with each other it has been found convenient to 
describe them all as belonging to the d- or Z-series, the initial 
denoting the actual direction of rotation (dextro- or Isevo-) of a 
key compound (Z-glyceric aldehyde), to which it has been agreed 
to relate the whole series. 

Kogl and Erxleben quote two exceptions to the generalisation 
that aU naturally occurring amino acids belong to the Z-series. One 
of the products of hydrolysis of the alkaloid ergotamme is prohne, 
and this has been shown by Jacobs and Craig (J. Biol, Ghem,^ 1935, 
110, 522) to belong to the cZ-series. The second known exception 
was brought to light by Ivanovics and Bruchner {Naturw,, 1937, 
25, 250 ; Z, ImmunitaUforschurig, 1937, 90, 304), who isolated from 
the protective capsule of the cholera bacillus a polypeptide-like 
substance consisting largely of eZ-glutamic acid. 

Quite a large number of pol 3 rpeptides containing amino acids of 
the cZ-series have been prepared synthetically. These have been 
found to differ from the ordinary naturally occurring amino acids 
in one important respect—^they are resistant to the action of the 
polsrpeptide-splittmg enzymes. 

In view of the great specificity of enzymes this is not surprising, 
but clearly it implies that though the ordinary chemical properties 
of optical isomers are identical, their biochemical properties 
vastly different. The existence of a eZ-amino acid in a : 

covering of a bacterial cell may confer on that lay^ an 
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to the eiction of degradative enzymes which might otherwise pene- 
trate the defences. 

The essential fact revealed by the experiments of Kogl and 
Erxleben is that cancer tissue protein contains a considerable propor> 
tion of its constituent amino acids in the form of the c?-stereoisomers. 
Some of the results are summarised in Table I. It will be seen that 
whereas normal tissue yields only acids of the Z-series, appreciable 
quantities of certain amino acids isolated from tumour protein 
belong to the unnatural ” d-senes. In the case of glutamic acid, 
the proportion may amoxmt to as much as 40 to 45 per cent. The 
amino acids arginine, histidine, i^o-leucine, tyrosine, oxyproline 
and aspartic acid were isolated from various tumours but were 
found to be present wholly or almost wholly (over 98-5 per cent.) 
in the Z-form. 


TABLE I 





Per cent, of d-acid in: 
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" 
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0 
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— 

0 

0 

M 

— 

;- 
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2*3 

1 

3*1 

3*3 

— 
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One of the possibilities wHch has to be guarded against in work of 
this kind is that the chemical methods employed for the hydrolysis of 
the proteins and isolation of the amino-acids may be too drastic and 
may partially convert the natural Z-acids into the d-stereoisomers. 
In these circumstances the results would of course have no signi¬ 
ficance, the “ unnatural ” acid detected being simply an artefact. 
Obviously the b^t method of controlling this possible fallacy is to 
apply exactly the same method of analysis to normal as to cancerous 
tissue. It was, in fact, found that in the case of the three amino 
acids^ alanine, serine and proline, some optical inversion occurred 
during the hydrolysis and subsequent chemical treatment. These 
acids have therefore ]^n omitted from the table. The fact that 
in the case of the other acids the same methods applied to normal 
tissues give only the l-sterecasomers, together with the acknowledged 
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experimental skill and scientific ability of Professor Kogl and 
Fraulein Erxleben, discounts any such, simple explanation of the 
new results. At the same time attention should be drawn to a 
communication by Chibnall, Rees, Tristram, Williams and Boyland 
{Nature, 1939,144, 71) who have isolated glutamic acid from various 
tumour tissues but in no case found any appreciable admixture of 
the ‘‘ unnatural ” d-form. Kogl and Erxleben suggest {Nature, 
1939,144, 111; Naturw,, 1939, 27, 486) that the failure to confirm 
their results may be due to the fact that Chibnall and co-workers 
isolated glutamic acid by a method likely to lead to their overlooking 
the d-component. 

It is interesting to observe that the idea that the proteins of 
cancer tissue might possess unnatural stereochemical configuration 
is not altogether new, for as long ago as 1907 Dr. John Beard, an 
Edinburgh Zoologist, suggested that “ the albumins of cancer and 
of malignant tumours in general must be dextro-bodies (cf. 
Medical Record, 1913, March 29). However, this suggestion does 
not seem to have been taken very seriously, and Kogl does not 
appear to have been aware of it. 

If we assume that the results of Kogl and Erxleben are essen¬ 
tially correct, it seems clear that a most important attack has been 
initiated on the cancer problem. If the proteins of tumour tissue 
contain in their polypeptide chains amino acids of the “ unnatural ” 
series, then from the work referred to above, it follows that these 
proteins wiU be largely immune from attack by the ordinary protein¬ 
splitting enzymes of the body. It is not surprising that cells so 
constituted should be free from control by neighbouring tissue and 
should be able to grow without restraint. Many of the interesting 
points which the new discovery raises are discussed in the original 
paper. 

Role oe Glutamic Acid m Amino Acid Metabolism. —^It will 
be observed that of all the amino acids it is glutamic acid which is 
present to the largest extent in the unnatural ” form. Now it 
happens that within the past few years several quite distinct lines 
of work have brought to light the importance of glutamic acid in 
the general metabolism of amino acids and proteins. A brief 
account of some of this work may be of interest, especially as a 
knowledge of it is required in order to appreciate the significance 
of Kogl and Erxleben’s results. 

First of all we may refer to the contribution recently made by 
Schoenheimer and co-workers. This is an intere^ring apjfiioati^ 
of the use of isotopes in the investigation of biochemical probi«^^ 
It is now possible to prepare compounds such as anunon ^5 to 
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amino acids containing {i,e. with atomic weight 15 instead of 14) 
in excess of the smaE proportion (0*3 per cent.) present in ordinary- 
atmospheric nitrogen. Such compounds containing an excess of 
are for all ordinary chemical and biochemical purposes indis¬ 
tinguishable from similar compounds containing ordinary nitrogen, 
but the excess, as it were, labels the nitrogen and allows it to be 
identified and the course of its metabolism to be followed. For 
instance (Foster, Schoenheimer and Eittenberg, J. Bioh Ghem., 
1939, 127^ 319), two growing rats on a low protein diet to which 
a large amount of labelled ammonia (as citrate) was added were 
kEled after some time and various amino acids isolated from their 
tissues. All with the exception of lysine contained some labelled 
nitrogen, but the highest amount was found in glutamic acid, and 
the second highest in the other dicarboxylic acid, aspartic acid. 
This shows that the ammonia administered was utilised for amino 
acid synthesis, and that the dicarboxylic acids and especially 
glutamic acid were chiefly concerned in such synthetical activity. 
Somewhat similar results were obtained in another experiment in 
which tyrosine containing labelled nitrogen was administered in the 
diet (Schoenheimer, Ratner, Rittenheimer, J. Biol. Ghem., 1939, 
127, 333). 

Another series of experiments, this time by Braunstein and 
Kritsman (ATolwe, 1937^ 140, ^03; Enzymologia^ 1937, 2, 129 and 
147), shed light on the details of the manner in which glutamic acid 
may function. The authors have discovered a special type of 
exchange reaction which taJkes place in presence of minced muscle 
and other tissues. They find, for example, that glutamic acid and 
pyruvic acid form a-ketoglutaric acid and alanine accordmg to the 


equation 

COOH 
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a-ketoglutaric Acid 
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The reaction involves the transfer of ammonia from one compound 
to the other accompanied by a simultaneous oxidation-reduction. 
The reaction would seem to be one of considerable generality, a -wide 
variety of a-keto-acids reacting with Z-glutamic acid with the forma¬ 
tion of the corresponding amino acid, and indeed the place of 
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Z-glutamic acid itself may be taken by tbe other naturally occurring 
amino acid, Z-aspartic acid. Furthermore, the reaction is a revers¬ 
ible one so that glutamic acid acts as a nitrogen carrier, exercising a 
very important function in the synthesis and degradation of amino 
acids in general. It at once becomes clear why so much of the 
labelled nitrogen in the ingested tyrosine in the experiments of 
Schoenheimer found its way into the glutamic and aspartic acid 
molecules, and also why the high percentage of unnatural ’’ 
glutamic acid in cancer tissue may very profoundly alter the be¬ 
haviour and metabolism of the cancer ceU. 

But glutamic and a-ketoglutaric acids play an important role 
not only in the biochemistry of amino acids and proteins ; it seems 
that they also form an important link with the carbohydrates and 
so occupy a key position in cell metabolism. A third series of 
investigations, which we owe largely to Krebs and his colleagues, 
has opened up this aspect of the subject. In order to obtain 
some notion of this work we must first concentrate our attention 
on citric acid. 

Citric Acid CYCiiE and Cedl-Oxidation. —^At first sight citric 
acid would seem to be related neither to carbohydrates nor to 
amino acids. Its importance in cell metabolism, however, was 
shown by Krebs and Johnson (Enzymologia, 1937, IV, 148), who 
found that oxidation by muscle tissue was catalysed by the addition 
of citrate as well as by other compounds such as oxaloacetate and 
-succinate. The importance of certain dibasic acids containing 
four carbon atoms had already been demonstrated by Szent Gyorgyi 
and his school {Z. physiol. Ghem., 1937, 247, I), whilst Martins and 
Emoop {Z, physiol. Chem., 1937, 246, I, and JMr7, 104) had shown 
that in presence of the appropriate liver enzyme citric acid is con¬ 
verted into a-ketoglutaric acid. The details of all this work are 
complicated and highly specialised, but the general conclusion is as 
follows. 

Citric acid (I) is converted in the ceU through cisaconitic acid 
(11) into i^ocitric acid (III) which is oxidised to oxalosuccinic acid 
(IV), By the loss of carbon dioxide this readily forms a-keto- 
glutaric acid (V), which may either react with ammonia to give 
Z-glutamic acid (VI)—^a reaction which proceeds in presence of the 
enzyme glutaminase investigated by Euler, Adler, Gunther and Das 
{Z. physiol. Chem., 1938, 254, 61)—or be oxidised to succinic acid 
(VII). The cell is known to contain an enzyme which promotes 
the oxidation of succinic acid to fomaric acid (Vin)^ which by 
addition of water yields malic acid (IX), a compound whiciiyb®® ^ 
further oxidation is converted into oxfdaoetie acid 
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suggests that this oxalacetic acid now combines with a carbohydrate 
derivative probably containing three carbon atoms, and for con¬ 
venience referred to as “ triose,"’ and that after further oxidation 
a new molecule of citric acid is formed, ready to pass through all 
these reactions once more and so continue the cycle. 

This citric acid cycle is fed by carbohydrate in the form of 
triose/" and its products are carbon dioxide and water. In other 
words, it is a route for the oxidation of carbohydrate and may, in 
fact, prove to be the chief one utilised in the cell. (For objections 
to the citric acid cycle see Breusch, Z. ^hysioh Ghem,^ 1937, 250, 
262 .) 

A paper by Krebs, Salvin and Johnson (Bioch. 1938, 32, 
113) provides evidence that the reactions involved in the citric acid 
cycle do actually occur in the intact animal body. Extending some 
observations of Orten and Smith (J. Biol. Chem.y 1937, 117, 555), 
they show that if succinic, Z(-)malie, fumaric or oxaloacetic acid 
be administered to rats or rabbits, citric acid appears in the urine. 
On the other hand, after the administration of citric acid the urine 
is found to contain a-ketoglutaric and succinic acids. These 
observations are readily understood if we assume that the citric 
acid cycle is actively ftmotioning in the animal body. 

Amongst the many observations made by Krebs and his co¬ 
workers on the citric acid cycle, one is perhaps of special significance. 
Krebs and Eggleston {Bioch. J., 1938, 32, 913) have shown that the 
oxygen uptake by minced pigeon breast muscle, suitably diluted, 
and containing an adequate supply of muscle co-enzymes and of 
compounds of the citric acid—oxalacetic acid cycle, is materially 
promoted by the addition of insulin. It would seem that here we 
have a direct demonstration of the action of insulin in vitro. The 
importance of this result may be gauged from the fact that in spite 
of very many investigations the only action of insulin in vitro so 
far demonstrated has been an inhibition of gluconeogenesis and of 
urea formation from amino acids in liver (Bach and Holmes, Bioch, 
J., 1937,31, 89). This effect, however, would seem to be a secondaay 
one, and does not reveal the fundamental action of insulin in the 
organism. Krebs and Eggleston adduce evidence that in their 
experiments the effect of insulin is on the citric acid cycle. There 
is strong reason for believing that this cycle provides the main route 
for the oxidation of carbohydrate^ and so it is possible that these 
experiments of Krebs and Eggleston may lead to a sdution of Itort 
so fitr very m37Bterious problem, the primary fimcrion of 
tissue metabolisin. : J 

During the last ten years very important advancee 
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made in our knowledge of the anaerobic breakdown of carbohydrate 
in muscles, thanks largely to the work of Embden, Meyerhof, 
Lohmann and associated workers (c/. Sodence Pbogeess, 1934, 
28, 682). Normal muscle metabolism is, however, aerobic, and 
interesting though the anaerobic mechanism may be, it is of the 
utmost importance to obtain some detailed insight into the mechan¬ 
ism of oxidative degradation in the animal cell. It has always been 
realised that part of the chemical system may be common to both 
aerobic and anaerobic routes, and indeed it is a possibility that 
lactic acid or pyruvic acid, the end-products of the anaerobic break¬ 
down of carbohydrate, might be first formed and these then oxidised 
to carbon dioxide and water. The Krebs citric acid theory suggests 
that it is only the first part of the already known Embden-Meyerhof 
scheme that is applicable to the aerobic breakdown, namely the 
phosphylation of the carbohydrate and its splitting into two triose 
units. The possibility, however, does not seem to be excluded that 
the oxalacetic acid condenses not with triose, but with pyrumo acid 
or phosphopyruvic acid. In this case almost the whole of the 
anaerobic cycle would be involved in the aerobic one. Eurther 
work may of course reveal other chemical pathways of oxidation, 
and there is in addition the whole problem of the Unking of fat and 
carbohydrate metabolism which is still shrouded in mystery. La 
other words, the carbohydrate derivatives designed by Eirebs as 
“ triose ” may not really be triose in the strict sense but some other 
of the numerous 3-oarbon-atom compounds included in the Embden- 
Meyexhof scheme. This point will no doubt be elucidated in the 
neaf future. 

GEOLOGY. By G. W. Tvbbeli., A.B.C.Se., D.Sc., F.B.S.E., The Uni- 

versity, Gla^ow. 

Geology and Petbology of Igneous Rooks—^Afbioa, North 

AND SOTJTH AmBEIOA, AUSTRALIA, AntAECTIOA, AND OCEANIO 
Islands. —^Li a paper on “Igneous Rocks from the Ahercom and 
Kasama Districts, Northern Rhodesia,” T. Deans (Qeol. Mag., 
liXXY, 1938, 547—58) describes a granodiorite — appinite suite of 
Pre-Cambrian age, with a series of older porphyrites which may be 
early members of the same suite. A large mass of hyrpersthene- 
gabbro is also described. 

The “ Petrology of Some Uganda Granites, with special reference 
to those as^ciated with economic minerals,” is dealt with by 

C. Simmons {Qeol. 8urv. Xlgamda, BvE. No. 3, 1939, li4r-39). 
The characters of numerous occurrences are summarised, and the 
. author demonstrates that the granites of the Ankole metallogenetic 
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tin province possess distinctive characteristics. There was an 
enrichment in potash towards the end of the crystallisation period, 
resultmg in sericitisation of earlier oligoclase and orthoclase. These 
solutions also brought in muscovite, cassiterite and quartz. 

N. L. Bowen has studied the Lavas of the Afidcan Rifb Valleys 
and Their Tectonic Setting ” {Amer, Journ, Sci,, XXXV-A, 1938, 
19-33). Earlier work suggested that a definite correlation might 
be made between the chemistry of the lavas and their tectonics. 
The Eastern Rift VaUey, thought to have been produced by ten- 
sional stresses, has associated with it lavas of soda-rich character ; 
while the Western Rift Valley, believed to have been formed as a 
result of compressive stresses, has potash-rich lavas associated with 
it. Bowen shows that there are many exceptions to these tectonic 
and chemical generalisations, and cannot find any convincing rela¬ 
tion between the chemistry of the lavas and their tectonic condi¬ 
tions. 

The paper Petrographic Description of Volcanic Rocks from 
Turkana, Kenya Colony, with Notes on their Field Occurrence from 
the MS. of Mr. A. M!. Champion,” by W. Campbell Smith {Qitart. 
Joum. Geol. jSoc., XCIV, 1938, 507-54), deals with a series of 
rhyolite, trachytes, phonolit^, tephrites, trachybasalts, basalts, 
basanites and nephelinites, of which the ages are not certainly 
known. In the southern part of the province the lavas are com¬ 
parable with those of Tertiary age in other parts of Kenya. In the 
north, basalts and trachyba^ts are succeeded by thick flows of 
trachyte and rhyolite, and this series may be altogether different 
m age. Within the region described there are many small volcanic 
plugs, dikes and larger intrusions, comprising alkaline tj^pes such 
as micro-foyaite, malignite, teschenite, etc. 

The “ Igneous Rocks from the Neighbourhood of Mount Jombo 
and the Sabaki River, B.E.A.,” described by G. W*Tyrrell and the 
late Miss A. T. Neilson {Geol. DepL Hunterian Jfws., Univ, Glasgow^ 
Mon, No. 6 , 1938, 108-16), are found within a small volcanic plug 
or ring-dike series about one mile in diameter {Mt. Jombo). The 
core of the hiU is composed of coarse nepheline-syenite. This is 
surrounded in succession outwards by a narrow ring of basic alkaline 
rocks including ijolite, malignite and melteigite, a broad ring of 
nepheline-sodalite-syenite, and a second narrow liiig of bade 
alkalinites. The exterior contact zone shows indications of a third 
ring of nepheline-syenite composition. Mount Jombo is the £omm 
of a radial dike-assemblage of like compositioh. 

In his review “Eruptive^ afro-brasileno-argentinos de 
permo-triaso-eojurasica ” K. Walther (jBo2. Inst. 
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XXIV, 1938, 117-56 (Spanish text), 155-8 (German summary)) 
shows that the Late Trias to Jurassic Gondwana basalts and 
dolerites of South America and of the southern half of Africa are 
often closely associated with feebly-alkaline types, and occasionally 
with peralkaline rocks, including nephehne-syenite, tinguaite, etc. 
The question as to whether the alkaline rocks, which are later in 
time, are differentiates of the Gondwana magma, or represent a 
completely different magmatic sequence, is left open in the lack of 
decisiTe evidence. 

In his memoir “ Geological Investigations in Southern Green¬ 
land. Part I. On the structural Divisions of Southern Greenland ” 
(Medd. <m Chdnlmd, 113, No. 2, 1938, 148 pp.), C. E. Wegmann 
proposes a new working h 3 q)othesis for the IHmausak batholith 
of highly alkaline rocks made famous by the classic investiga¬ 
tions of Ussing. Ussing used the hypothesis of gravitative differ¬ 
entiation to explain the arrangement of the different magmatic 
types; Backlund, later, favomed Fersmann’s hypothesis of 
“ agpaitic ” differentiation. Wegmann, however, believes that the 
massif is due to a combined igneous and metamorphic action. The 
Gardar formation, consisting of sandstones, porphyry lavas, tuffs 
and agglomerates, was intruded by a series of abyssal and syntectio 
magmas ranging from essexite to arfvedsonite-granite. These 
rocks, as well as the waJl-rocks, were subsequently transformed into 
highly-alkaline types by the imbibition of fluids accumulated in the 
essexite magma. The volume increase thus produced caused a 
saving of the mass with partial folding, in which the lujaurite 
bdiaved like a crystalline schist, and acquired its characteristic 
banded structure. Wegmann calls this the “ migmatitic ” hypo¬ 
thec, and admits that its confirmation must await detailed 
investigation. 

The paper on “ Petrolo^ and Structure of the Franconia 
Quadrangle, New Hampshire,” by C. R. WiUiams and M. P. 
Billing {Btttt. Qeol. Soc. Amer., 49, 1938, 1011-44), deals with a 
eltdy-folded region of Early Palaeozoic and Devonian sediments 
and volcanic rocks which has been invaded by two magma-seri^; 
Hje subaikaline New Hampshire magma-series, probably of Late 
Devonian age; and the alkaline White Mountains magma-seiies, 
probably of Mississippian age. The New Hampshire series is 
mainly syntectonic, having been injected during the later stages of 
an orpgenic episode. The White Mountains ^ries, however, is 
post-teetohic, its various membera forming ring-intrusions and 
Cocks. 

According to the detailed measurements by A. E. Sandberg, the 
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Section across Keweenawan Lavas at Duluth, Minnesota ” {Bull. 
Oeol. Soc. Amer., 49, 1938, 795-830) has a total thickness of 39,482 
feet, comprising 20,856 feet of bedded lavas (mainly basalts with 
subordinate rhyolites) and related sediments, 4,126 feet of diabase 
siUs, and 14,500 feet of the Duluth gabbro lopoUth. The lavas are 
fissure flows of the plateau (or flood) type, the axis of eruption of 
which coincided with the axis of the present Lake Superior basin. 
There are more than 225 separate flows. About 50 basaltic dikes 
were observed, mostly in the lower half of the section, but there is 
no evidence that the dikes were the feeders of the flows. 

The BeU River Complex, North-western Quebec,’’ described by 
B. C. Freeman {Journ. Oeol.^ XLVII, 1939, 27-46), consists mainly 
of anorthosite and norite, and is believed to represent a deformed 
lopolith of the same type as the Bushveld (Transvaal) and Stillwater 
(Montana) complexes. The rocks are severely altered by serpen- 
tinisation, homblendisation, and ohloritisation. Serpentinisation is 
believed to have been caused by internal deuteric processes, but the 
other changes are probably due to hydrothermal solutions derived 
from a great dike of quartz-diorite. 

F. F. Grout has assembled the “ Petrographic and Chemical Data 
on the Canadian Shield” {J(mrn.Qeol.,'SlNl, 1938, 486-504), with 
no fewer than 39 new chemical aiialyses of granites and gneiss^* 
The data have been used to calculate a new average of the igneous 
rocks of the Canadian Shield (494 analyses), as well as several other 
averages of petrological importance. 

In their comprehensive paper ‘‘ Petrologic Results of a Study of 
the Minerals from the Tertiary Volcanic Rocks of the San Juan 
Region, CoL,” E. S. Larsen, J. Irving, F. A. Gonyer, and E. S, 
Larsen, 3rd {Amer. Mineralogist, 21, 1936, 677-701; 22, 1937, 
889-905 ; 23, 1938, 227-57, 417-29) have studied the common 
rock-forming minerals of a series of calc-alkaline lavas ranging from 
rhyolite to basalt. Quartz, tridymite and cristobalite occur in 
nearly equal amounts. The most important petrological conclusion 
is that many of the plagioclases and other phenocrysts of the San 
Juan lavas did not crystallise from a magma of the composition of 
the rock in which they are found, but must have been derived from 
the partial assimilation of other rocks, or by the mixing of two 
magmas, one or both of which carried crystals. The uniform dis¬ 


tribution of the phenocrysts in wddespread lava flows and in groups 
of flows, shows that there must have been a thorough mixing of 


very large masses of magma. 

An interesting study of the ** Laramide 
Differentiation in the Front Range, Col, 
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T. S. Lorering and E. N. Goddard (Bull. Oeol. 8oc. Amer., 49, 1938, 
36-68). The igneous rooks were connected with the gradual 
structural failure of the crust during the Laramide Revolution. 
The main types are porphyries, andesites and granodiorites. The 
igneous succession suggests the gradual fusion of a deep-seated 
crystalline sub-stratum. Under the western part of the range the 
initial magma approximated to augite-diorite, but in the eastern 
part to olivine-gabbro. The latter gave rise to more alkalic differ¬ 
entiates than the augite-diorite magma. 

According to R. H. Jahns, in his paper on “ Analcite-bearing 
Intrusives from South Park, Col.” (Amer. Joum. Sci,, XXXVI, 
1938, 8-26), siUs and dikes of analcite-diabase and analcite-syenite 
cut Cretaceous sandstones and are probably of Laramide age. The 
analcite is considered to be only partly of pyrogenetic origin. Three 
mineral reaction-series are described ; aU point to the crystallisation 
of a hydrous alkaline magma at low temperatures, with development 
of a richly-sodic residual liquid. Certain features suggest that the 
larger bodies are of composite structure, the analcite-syenite having 
been injected into not quite solidified diabase. 

C. N. Fenner describes the remarkable “ Contact Relations 
between Rhyohte and Basalt on Gardiner River, Yellowstone 
Park ” (Bull. Oeol. Soc. Amer., 49, 1938, 1441-84), where a rhyolite 
lava follows a small valley eroded in a basaltic surface. The 
rhyolite has penetrated deeply into the basalt as complex networks 
of veins and dike-like bodies, and has exerted a strong corrosive 
action on the basalt. Basaltic constituents have been removed 
and rhyolite constituents substituted in such a manner that the 
compositions of the altered rooks lie on straight lines between 
basalt and rhyolite in variation-diagrams. It therefore seems 
necessary to attribute properties to rhyolite magma (e.g. considerable 
super-heat) other than those usually postulated. 

In his memoir “ Genesis and Structural Relationships of the 
Absaroka Volcanic Rocks, Wyo.,” J. T. Rouse (BuU. Oeol. 8oc. 
Amer., 48, 1937, 1257-96) shows that the massive pyroclastic 
formations and lava flows of this field occur in two groups, each of 
wMdi is made up of a lower acid breccia, a middle basic breccia, 
and am upper series of basaltic sheets. The pyroclastic rocks were 
erupted from hundreds of small vents and a few volcanoes of 
moderate size. The basalts are aU attributed to fissure eruptions. 
, W. H. Parsons has described the " Volcanic Centers [sic] of the 
Sunlight Area, Park County, Wyo.” (Jcmrn. GeoU., XLVII, 1939, 
1-26). Two major centres and one small explosive vent have been 
Ibimd; and with these, stocks, laccoliths, plugs, cone-sheets, and 
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two remarkable radial dike systems, are connected. The rock- 
types exhibit a normal differentiation series from olivine-gabbro and 
basalt, through diorite and andesite, to sodic syenite and trach3die. 
Close resemblances to the Scottish Tertiary volcanoes are noted. 

The first theralites were described from the Crazy Mountains of 
Montana by J. E. Wolff in 1885, and the veteran petrologist now 
deals with the whole suite of the “ Igneous Rocks of the Crazy 
Mountains, Montana ” {Bull. Geol. 8oc. Amer., 49, 1938, 1569-1626). 
The therahte suite, including also nepheline-syenite, solvsbergite, 
akerite, bostonite, and camptonite, penetrates Tertiary sediments 
in the northern half of the mountains as stocks, laccoliths, sills, and 
countless dikes. Paradoxically, the igneous rocks of the southern 
half of the range consist of a great stock of diorite with innumerable 
consanguineous minor intrusions. The allcaline suite is shown to 
be the younger of the two. Notwithstanding the petrological con¬ 
trast, the two suites are believed to have been derived from a com¬ 
mon parent magma, the twenty new chemical analyses disclosing 
common features such as dominance of soda over potash, and 
imusual abundance of barium and strontium. 

In their paper on “ Quartz-monzonite and Related Rocks of the 
Libby Quadrangle, Montana, and the ^pffects on Them of Deuterio 
Processes,” R. Gibson, I. Campbell, and W. F. Jenks {Amer. Joum. 
Sci., XXXV, 1938, 345-69) describe numerous small stocks intru¬ 
sive into the folded and faulted Belt Series. The age of the folding, 
faulting and igneous activity is probably Late Mesozoic. Deuterio 
effects are widespread, potash feldspar, sphene, magnetite and 
aUanite, being recognised as late-stage minerals in nearly all the 
intrusive bodies. 

In a memoir on “ Granitisation, Albitisation, and related Pheno¬ 
mena in the Northern Inyo Range of California, Nevada,” G. H. 
Anderson {Bull. Qeol. Soc. Amer., 48, 1937, 1-74) shows that the 
PelUsier Granite has been formed by the replacement and reorystal- 
lisation of pre-Cambrian quartzites and argillites. At a late stage 
in granitisation, or shortly after, the rock was strongly albitised. 
The neighbouring Boundary Peak Granite, although much more 
homogeneous than the PeUisier, is also marginally albitised. It is 
thought that the fluids which were effective in both granitisation 
and albitisation processes had a common source in the Boundary 
Peak magma. 

A. C. Waters summarises the results of his study of the 
“Petrology of the Contact Breccias of the Chelan Bathoiftl^f 
(Cascade Range, Washington) {Buil. Geol. 8oc, Amer., 

763-94) as follows: The marginal granodiorite of the 
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batholith is intrusive into hornblende-schist, with the formation of 
a broad zone of contact breccias and striped migmatites. “ Field 
study, petrographic examination, and chemical analyses, all con¬ 
verge to show that the inclusions of schist caught up by the batholith 
were first thoroughly recrystaJlised, feldspathised, and silicified 
until they became 6ne-grained granoblastic rocks which megascopic- 
ally resemble diorites, and then were differentially assimilated as a 
result of the liquefaction and running together of the felsic con¬ 
stituents allowing the remaining still-solid material wliioh consisted 
chiefly of hornblende to pack together into clots of amphibolite.” 
It is suggested that many “ basic schheren ” originate in this way. 

In his paper on the “ Petrology of Later Tertiary and Quaternary 
Bocks of the North-western Cascade Mountains in Oregon, with 
Notes on Similar Rooks in Western Nevada,” T. P. Thayer {Bull. 
Geol. Soc. Amer., 48, 1937, 1611-52) divides the Cascade lavas into 
two main groups, the Western Cascades and the High Cascades, 
on the basis of a marked unconformity and consistent differences 
in chemical composition. The Western Cascades include basalts 
similar to the Columbia Basalts, which interdigitate with another 
series consisting mainly of andesites. The lavas have been folded, 
faulted, and intruded by diorite plugs. The High Cascade lavas 
are mainly olivine-basalts (with the rather high average silica con¬ 
tent of 63 per cent.) and subordinate andesites. Sixteen new 
chemical analyses are given. 

A complex sequence of Pre-Cambrian plutonism is described by 
W. J. Miller in his paper on “ Pre-Cambrian and Associated Rooks 
near Twenty-nine Palms, Cal.” {Bull. Oeol. Soc. Amer., 49, 1938, 
417-46). The main intrusion is the Palms Granite, the Ut-par-Ut 
injection of which into gabbro-diorite produced a banded gneiss. 
TOtie assimilation of gabbro-diorite by the Palms Granite has also 
produced a remarkable monzonite-porphyry with orthoclase crystals 
6 inches in length. A discordant batholith of quartz-monzonite, 
probably of late-Jurassic age, cut the above Pre-Cambrian series. 

A. B. Edwards describes “ The Tertiary Volcanic ftooks of 
Central Victoria” {Quart. Joum. Oeol. Soc., XCIV, 1938, 243-320) 
with the aid of no fewer than 108 chemical analyses, of which 50, 

: oonfaributed by himself, are new. The volcanic suite, of Pliocene 
^ ;jpq;JBiec6to.t age, is essentially a trachyte-olivine-basalt kindred, in 
f f olivine, diopsidic pyroxene, anorthoclase and segirine, are the 

btoracteristio minerals. Kennedy’s view of basaltic differentiation 
is favoured in preferenw^ the theories of Daly and Shand, or of 
Bowen. The evolution of the suite has been brought about partly 
by gravity-differentiation involving the sinking of olivine, pyroxene 
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and plagioclase, and the rising of anorthoclase and segnine; and 
partly by the crystallisation of lime-rich pyroxene, removing lime 
from the magma, and leaving an alkaline residuum in which alumina 
combined with soda and potash. The parent magma was closely 
allied to the olivine-basalt magma-type, but was somewhat more 
alkalic. 

The “ Quartz-diorite Magma in Eastern Victoria,” occurring m 
association with granites and hypersthene-dacite lava on the one 
hand, and with basaltic magma on the other, is believed by A. B. 
Edwards {Proc. Boy. Soc. Viet., L, Pt. 1 (N.S.), 1937, 97-109) to 
have originated as a syntectio melt following a major orogeny. 
The types now exposed are explained as due to subsequent crystal¬ 
lisation differentiation of the mixed initial magma. 

Accordmg to M. G. Bandy, in his paper " Geology and Petrology 
of Easter Island ” Qeol. Soc. Amer., 48, 1937, 1589-1610), 

Easter Island is entirely volcanic, and was built up in three stages, 
an ancient eastern volcanic series, a central region with two vol¬ 
canoes, and a south-western area containing a large volcano and 
some smaller cones. The lavas are mainly basaltic, but trachytes 
and rhyolites occur in the western area. The petrology is illustrated 
by five new analyses. 

Recent French expeditions have provided material from Clipper- 
ton Atoll, Easter Island and Pitcairn Island, which A. Lacroix has 
investigated in his usual thorough manner with the aid of many 
new analyses {Ann. de VInst. Oceanographique, XVIII, 1939, 289- 
330). Phosphatisation processes in the rocks of Olipperton Atoll are 
dealt with in detail. Easter Island has a large development of 
alkali-rhyolites. The Pitcairn collection consists of alkali-basalts 
and trachytes. 

Some of the petrographical results of the B.A.N.Z. Antarctic 
Research Expedition, 1929-31, under the command of Sir Douglas 
Mawson, are now to hand. G. W. Tyrrell describes “ The Petrology 
of Heard Island ” {B.A.N.Z. Antarctic Research Exped., 1929-31. 
Sports—Series A, Vol. II (Geology), Pt. 3, 1937, 27-56), and 
“ The Petrology of Possession Island (Crozets) ” {ihid., 67-68); 
while A. B. Edwards deals with the “ Tertiary Lavas from the 
Kerguelen Archipelago ” {ibid., 1938, 72-100). Heard Island con¬ 
sists of Recent volcanoes with old and new lava flows. The rooks 
are limburgites, olivine-basalts, trachybasalts, traohyandesites, 
trachytes and phonolites, the petrography of which is filiistrat^ 
by eight analyses, five new. Possession Island also consist ef 
ankaramites, limburgites, olivine-trachybasalts, and traoiyande^t^ 
but so far trachytes and phonolites have not been 
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analyses are given, of whicli three are new. Both islands, and 
especially Heard Island, represent typical examples of “ oceanic 
island ” assemblages. 

A. B. Edwards describes phonolite, solvsbergite, trachyte, 
traohybasalt, crinanite, analcite-basalt, mugearite, andesine- and 
labradorite-basalt, olivine-basalt, limburgite and oceanite, from 
Sir D. Mawson’s Kerguelen collection. The lavas form a typical 
“ intra-Pacific (Edwards) olivine-basalt-trachyte association. 
The alkaline types appear to have differentiated in cupola-like 
extensions of the main magma-reservoir by processes of crystallisa¬ 
tion differentiation controlled by the early separation of diopsidic 
pyroxene. 

Tyrrell points out the remarkable homology in geological con¬ 
stitution and petrological composition which obtains between 
Kerguelen and Heard Island on the one hand, and Iceland and Jan 
Mayen on the other, occupying, as they do, geographical “ mirror- 
image ” positions in the Indian and Atlantic Oceans respectively. 

The “ Ohvine-Fourchites from Raymond Eosdick Mountains, 
Antarctica,” described by 0. N. Fenner (Bull. Qeol. Soc. Amer., 49, 
1938, 367-400), are lavas derived from an extract volcano. Feimer 
has made a most complete chemical and quantitative study of the 
phenocrysts (olivine and augite) and of the groundmass of these 
rocks. The lavas are of ultrabasic composition, and to the writer 
of these notes appear to represent typical examples of Lacroix’s 
Dceanites. Fenner attempts to show that the differentiation of this 
rook-type, as shown by the composition of the phenocrysts com¬ 
pared with that of the groundmass, and with the bulk-composition, 
does not square with the current theory of differentiation by frac¬ 
tional crystallisation. 

mVERTEBRATE PALiEONTOLOGY. By H. Eiqhios Thomas, 

M.A., Ph.D., P.G.S., British Museum (Natural History). 

A. Runibb, F. Stockmans, F. Demanet and V. Van Straelen deal 
with “ Flore et Faune houiUferes de la Belgique. Introduction h 
I’Etude pal6ontologique du Terrain houiller,” Mtis. Moy. Hist. Nut. 
Bdg., 1938, 1-317, Among the invertebrates, a great number of 
specie are described which belong to the Axthropoda, the MoUusca, 
the Brachiopoda, the Echinodermata, the Vermes, the Coelenterata, 
and the Protozoa. The work gives a comprehensive survey of the 
R^ah Ck>al Mee^sore fauna and flora. 

P. Rqch^ has described the “ Aal4men et Bajocien du Maoqnnais 
et de quelques r^giojas voisines ” in Trav. Labor. Q4ol. Univ. Lyon, 
Fasc. XXXV, M4m. 29, 1939, 1-366. The deposits on the whole 
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yield a rich, fauna, of which the ammonites and brachiopods con¬ 
stitute the most important elements, though most of the inverte¬ 
brate groups are represented. The author discusses the distributioh 
of the fauna in the area considered and also the correlation of the 
various stratal units. 

In “ Contribution k I’Etude paMontologique du Nummulitique 
alg^rien ” {Mater. Carte Qiol. Algirie, 1 86i.,Pal4ontologie, VIII, 1938, 
1-168), J. Flandrin describes not only a large faima of Nummulites 
and Lepidocyclines, but also several species of lamelhbranchs and 
gastropods, and one ecMnoid. Montian, Ypr^sian, Lower and 
Upper Lutetian, and the Oligocene are all represented in the fauna. 

During a study of insoluble residues from well and outcrop 
samples from Oklahoma, arenaceous foraminifera were discovered 
and these are the subject of a paper by H. A. Ireland on “ Devonian 
and Silurian Foraminifera from OMahoma ’’ in Joum. Paletmt., 
Xin, 1939, 190-202. They include one new genus, twenty-one new 
species, and three new varieties from SUmdan horizons, and one new 
genus and six new species from the Devonian. 

R. Wright Barker writes on the “ Species of the foraminiferal 
Family Oameriaidse in the Tertiary and Cretaceous of Mexico ” in 
Proc, U.S. Nat. Mus., LXXXVI, 1939, 305-30. The author con¬ 
siders that, in view of the inter-grading of so many of the so-called 
genera of the family, several of them are of doubtful value. The 
Mexican species considered, he attributes to Operculinoides ahd 
Oomerirwt,. He has identified vertical canals in Gamerirva and 
HeterostegirM, and hence concludes that the Camerinidge should 
embrace the PeUatispiridse, which had been removed from it because 
of the formerly presumed absence of a canal-system in the 
Camerinidse. 

Limestones from eight localities on the island of Guam havc 
yielded recognisable foraminifera, and W. Storrs Cole describes them 
in “ Larger Foraminifera from Guam,” Joum. Paleont., XIII, 1939,' 
183-9. At least two distinct horizons axe present, belonging to the 
lowermost Miocene. 

R. and J. Bedford, continuing their investigations into the 
“ archseocyathines ” of the. Cambrian of South Australia, discuss tte 
“ Development and Classification of Archseos (Pleospongia) ” ili 
Mem. Kyancutta Mus., VI, 1939, 67-82. Their classification'is 
based on the character of the earliest known stages, or “ spitzes,’^ 
of development of the skeleton. Two orders, 6 families, 3 gelnera, 
and 3 species are described as new. The order Mohocyafljlrf | 
embraces the most primitive adult sponges, which reseihbl^' f^ 
Olyntims stage of sponges. The order Aoanthino<^athiaa ihrMN# ;; 
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forms in whicli the spitz possesses two walls with an open net-like 
structure, while in the new order Ajacicyathina the spitz is in the 
form of a Simple conical tube, closed below, within which arises 
almost immediately a porous inner wall connected to the tube by 
radial rods. The order Metacyathina is characterised by a spitz 
which commences as a small conical tube with transverse partitions. 
A new order Crommyocyathina is erected for a number of problem¬ 
atical forms whose relations to one another and to the better known 
orders of Archseos remain doubtful. 

New “ Siliceous Sponges from Mississippian and Devonian 
Strata of the Penn-York Embayment ” are described by K. E. 
Craster in Journ. Palecmt., XIII, 1939, 1-20. They aU appear to 
come from the same general facies zone as most of the hitherto 
described siliceous sponges from New York and Peimsylvania. 
They include one new family, one new sub-family, and three new 
genera. 

In BvM. intemat. Acad. Sci. BoMme, 1939, 1-10, E. Prantl 
describes “ Some Silurian Rugose Corals from Bohemia.” There 
are two new species involved, of which one, Tryplasma fonmsum, 
belongs to the group of T. loveni, while the other. Microplasma 
fiexfjhosum, is closely allied to, and may even be conspecific with, 
M, schmidti. The author considers that Aphyllum Soshkina is 
congeneric with Microplasma Dybowski. He concludes that the 
Silurian corals of Bohemia show a much greater resemblance to 
those of the English and Gotlandian Silurian than had been formerly 
supposed. 

The same author also describes “ Bojocy<Ms nov. gen., A new 
Rugose Coral from the HluboSepy-Limestones (gy) ” in Priroda 
Brno, XXXII, (3), 1939, 104-7. The new genus belongs to the 
Pal^cyclidse but differs from aU other representatives of that family. 

. W. Weissermel writes on “Neue Beitrage zur Kenntnis der 
Geologie, Pateontologie imd Petrographie der Umgegend von 
Konstantinopel. 3. Obersilurische und devonische Korallen, 
Stromatoporiden und Trepostome von der Prinzeninsel Antirovitha 
tmd aus Bithynien ” in AbJumdl. Preuss. Oeol. Landescmst., N.F,, 
CXC, 1939, 1-131. Corals, especially tabulate forms, constitute the 
bulk of the fauna, which ranges in age from the Upper Silurian to 
ihe Lower Middle Devonian. Certain of the species and one genus 
are new. 

The same author has also published his initial studies on “ Die 
Kbralleh des thUringisohen Devons. 1. Korallen aus Oberdevon 
im westHohen Schiefergebirge Thuringens ” in Jahrb. Preuss. Ged. 
Bemdesanst. fiir 1938, LIX, 1939, 363-69. The thirteen species 



INVERTEBRATE PALEONTOLOGY 339 

include six new species and one new variety, and are distributed 
among eleven genera. 

In continuation of their re-description of the species described 
in James Hall’s classical work, C. L. and M. A. Fenton deal with 
“ Heliophylhim and ‘ Cystiphyllum,’ Corals of Hall’s ‘ Illustrations 
of Devonian Corals ’” in Ann. Carnegie Mus., XXVII, 1938, 207-60. 
Whereas J. W. Wells reduced Hall’s species of Heliophyllum to 
formae of H. halli (see Science Progress, XXXII, 1938, 743), the 
present authors prefer to recognise seven species and certain formae 
and sub-species, some being new. 

A. H. Sutton and W. H. Hagan re-define the genus Zeacrinus in 
“Inadunate Crinoids of the Mississippian— Zeacrinm,'^ Joum. 
Paleont., XIII, 1939, 82-96. Six new species are described from the 
Chester Series, and a revision of previously known species is earned 
out. This restricts the genus to twenty-five Mississippian species. 

J. K. S. St. Joseph haa studied “ The Structure of Lycophoria 
Lahusen (Brachiopoda),” Qeol. Mag., LXXVI, 1939, 130-6. In the 
cardinal area, open delthyrium, and separate dental-plates, the 
ventral valve has points of orthid character.' The pseudodeltidium 
remained throughout life an integral part of the dorsal valve, while 
at the same time it functioned in closing the delthyxial opening. 
The occurrence of a pseudodeltidium and the form of the cardinal 
process suggest that the genus is best included in the Stropho- 
menacea. 

M. A. Arber has investigated “ The Nature and Significance of 
the Pedicle-foramen of Leptcena Dalman,” Geol. Mag., LXXVI, 1939, 
82-92. She concludes that the pedicle in the youngest stages 
emerged through a foramen enclosed within the protegulum and 
nepionic ventral valve : with growth of the animal the pedicle either 
resorbed the margins of its foramen or atrophied. The nepionic 
stage is thus parallel to the adult stage of certain members of the 
order Neotremata, but this is not a case of recapitulation. The 
delthyrium of Leptcena never served as the pedicle passage, and can 
only be regarded at present as the interdental space through which 
the cardinal process projected into the ventral valve. It is therefore 
not homologous with the delthyrium of the Telotremata, nor with 
that of the Orthidse, It appears that the Orthacea and Stropho- 
menacea evolved on separate though somewhat parallel lines from a 
very early period. 

The “Devonian Brachiopoda of Hunan” are the subject ffif a 
detailed investigation by 0. 0. Tien in Patcemt. simea, S,. TVi J 
1938, 1-192. As a result, certain modifications in tto 
accepted classification of Devonian rook? of Hunaa ?®e gn.t 
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The presence of Siringocepfuilm burtini and HypothyriMm cuboides 
enable correlation of part of the succession with that of Europe and 
North America to be effected, and with those definite links a correla¬ 
tion of the rest of the Devonian is suggested. Altogether eighty- 
seven different forms are described. 

“ The Mesozoic Brachiopoda of the Bannu District,” which are 
described by M. R. Sahni in Palcemt. indica, n.s., XXVII, (1), 1939, 
1-23, consist mostly of well-preserved terebratelhds and a few 
rhynohoneUids and terebratulids, and aU belong to new species. 
Part of the fauna is possibly of Callovian age and part probably of 
Oxfordian-Kimmeridgian age. 

Two important monographs on lamellibranchs are those on “ The 
Atlantic and Gulf Coast Tertiary Peotinidse of the United States. 
Section III. Systematic Descriptions,” by H. I. Tucker-Rowland, 
iffem. Mus. Roy. Hist. Nat. Belg., (2), XIII, 1938, 1-76, and on 
“ Oligocene Arcid Pelecypods of the Genus Anadara,” by H. G. 
Schenck and P. W. Reinhart, ibid., XIV, 1938, 1-73. The former is 
entirely systematic—in addition to some sub-species and varieties, 
fifty-two species, two of which are new, are described under seven 
genera or sub-genera. 

In the latter work Schenck and Reinhart show that species of 
Aimdara, sensu lato, occur earliest in any complete marine Tertiary 
sequence in the Oligocene, although the species found in different 
continents are never the same. A large number of Oligocene species 
are described by the authors, mostly falling into Anadara, sensu 
stricto, but a number belonging to related sub-genera, notably 
Smpharoa, are also dealt with, as well as some late Tertiary and 
Quaternary species of Amdam. One result of the study is to show 
that there is no morphological character witliin the genus which will 
serve as a criterion of geological age. 

J. Roger has monographed “ Le genre OMamys dans les formations 
n^ogfenes de TEurope. Conclusions g6n^rales sur la repartition 
geographique et stratigfaphique des Pectinides du tertiaire recent,” 
Mlm, 8 qc, G4ol. Frame,, n.s., XL, 1939, 1-294. The European 
Neogene species of the four genera CMamys, Pecten, FlaJbelUpecten, 
and Amussium described in detail. The author divides the 
^des of Chlamys into two groups, the one characterised essentially 
by the presence of flat, internal ribs, limited by sharp crests, and 
the other by radial, rounded folds on the inner surface, without 
sharp, hnutmg c^ The second group is the older phylogenetic- 
si^, and probably originated in the Carboniferous or even earlier. 

British Silurian gastejpod fauna is far from well known, so 
^,hiv^ B, L. Pitcher uito “The Upper 
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Valentian Gastropod Fauna of Shropshire ” is a notable contribu¬ 
tion {Ann. Mag. Nat. Hist., (11), IV, 1939, 82-132). Most of the 
material is in the form of external moulds, from which casts were 
made for the study of the fossils. No Bohemian species are found 
to be present, but several Gotland forms were recognised, as well as 
one American species, while one was also compared to an American 
species. An analysis of the fauna shows that several species in 
Shropshire are confined to the Pentamerus Beds and others to the 
Purple Shales, though a number occur in both of those horizons. 

" The Eocene and Paleocene Turritellidse of the Atlantic and 
Gulf Coastal Plain of North America ” form the subject of a long 
work by E. Bowles in Joum. Paleoni., XIII, 1939, 267-336. Forty- 
one species and nine sub-species of Turritella are described and eleven 
species of Meaalia. Several are new. The Turritellce fall into five 
major groups, based on their ornamentation. 

A. K. Miller and J. B. Owen have investigated " An Ammonoid 
Fauna from the Lower Pennsylvanian Cherokee Formation of 
Missouri ” in Jowm. Paleont., XIII, 1939, 141-62. It includes well- 
preserved representatives of nine species belonging to eight genera. 
An Anihracoceras horizon occurs 10 to 16 feet below the Jordan coal 
member of the Cherokee formation, while other ammonoids occur 
in the beds immediately overlying both the Tebo and Mulky coal 
members of the Cherokee. The fauna found just above the last- 
named coal is probably of about the same age as that which occurs 
in the Wigton Shale of Cumberland, England, and in Skipsey’s 
marine band of Scotland. 

The “ Upper Jurassic Ammonites from Mexico ” described by 
R. W. Imlay in Bull. Oeol. Soo. Amer., L, 1939, 1-78, occur in near¬ 
shore deposits, and show that, with certain slight modifications, 
Burckhardt’s stratigraphical divisions for the off-shore deposits can 
be traced into them. The succession of ammonite assemblages agrees 
fairly well with that of the Mediterranean province, and is repre¬ 
sentative of horizons from Middle Oxfordian to Tithonian. 

L. F. Spath discusses “ The Cephalopoda of the Neooomiap 
Belemnite Beds of the Salt Range ” in Palceont. indica, n.s., XXV, 
(1), 1939, 1-164. They are all ammonites with the exception of 
three species of belemnites, and belong to zones ranging from the 
Infra-Valanginian to the Upper Valanginian. Those forms whi6h 
are referred, more or less tentatively, to known species Ate com¬ 
pared, apart from extra-European forms, partly to French 
partly to Silurian species, but the author considers this 
significance. ■j 

L. Stermer has written an important work cm 
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Trilobite Morphology. Part I. The Thoracic Appendages and 
their Phylogenetic Significance ” in Norsk geol. tidsskr., XIX, 1939, 
143-273. His conolnsions are based on a study of serial sections of 
specimens of Oeraurus and the construction from them of highly 
magnified models. He recognises a precoxal segment to which he 
claims the lateral branch generally called the exopodite is attached, 
so that, in his view, the latter represents not an exopodite but a 
pre-epipodite. The author considers that the trilobite appendage 
is a very characteristic and conservative structure, and that allied 
types of limb are found not in the Crustacea (as is generally held) 
but in the merostomata, arachnida, and possibly the insecta. 

In “ The Cambrian Faunas of North-Eastern Australia. Part 3 : 
The Polymerid Trilobites (With Supplement No. I),” Mem. Queens¬ 
land Mus., XI, (3), 1939, 179-282, F. W. Whitehouse completes his 
important study of the trilobites of that area. He suggests that the 
seven, discrete Lower Cambrian groups, with their descendent 
famUies, should be treated as seven sub-orders. These are: 
Mesonacida, Conocoryphida, Ptychopariida, Ellipsocephalida (nom. 
nov.), Corynexochida, Agnostida, and Eodiscida (nom. nov.). A 
great number of new genera and species are described, including, 
in a supplement, some agnostids. One specimen of a Bedlichia 
showed some peculiar structures, which are apparently internal 
processes, though their function is obscure. 

0. Deiss writes on “ Cambrian Stratigraphy and Trilobites of 
Northwestern Montana ” in Oeol. 8oc. Amer. Spec. Papers, XVIII, 
1939, 1-136. The trilobites come from rocks of Middle Cambrian 
age and are largely new, and the author has described 102 new species 
• and 10 new genera. He recogaiaBs at least seven trilobite faunas of 
different ages in the area. 

Another useful work on trilobites is that by W. F. Whittard on 
“ The Silurian Illsenids of the Oslo Region,” Norsk geol. tidsskr,, 
XlX, 1939, 276-96. Between five hundred and six hundred speci¬ 
mens were examined, and these fall into the two genera lllcenus and 
Bumastm, Five species (one new) represent the former genus, and 
four species (one a new variety) the latter. Names are not given to 
pygidia which cannot be definitely linked to cranidia, but instead 
six types (A-F) are used in describing them. The author also adopts 
a standard rdethod of orientation of the cranidia in illustrating them. 

R. F. C. R. Gheyselinok has written on “ Permian Trilobites from 
Timor and Sicily, with a Revision of their Nomenclature and Classi¬ 
fication,” Amsterdam, 1937, 1—108, and divides the youngest 
; membeis of the ProStidse into the four genera, Braelvymetopm, Proeim, 
(subgehus P^nwproehis), PhiUipiia {vdih two sub-genera, one of 
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which is new), and Griffiihides (with two sub-genera). Many genera 
and sub-genera are discarded by the author. Nine species (eight 
new) and one new variety are described from Timor, and three species 
(one new) from Sicily. 

G. 0. Raasch refers the “ Cambrian Merostomata ” to the new 
order Aglaspida and the two new families Aglaspidse and Beck- 
withiidse {Oeol. Soc. Amer. Spec. Papers, XIX, 1939,1-146). Several 
new genera and species are recognised. He concludes that the 
Aglaspida are the most primitive known group of Arachnida, and 
that the closest relationships of the Aglaspidse are with the Euryp- 
terida, and of the Beckwithiidse probably with the Xiphosura. 

An important monograph of the “ Eossil Orthoptera Ensifera ” 
by F. E. Zeuner has been issued by the British Museum (Natural 
]^tory), 1939, 1-321. Descriptions are given of all the known 
families, sub-families, genera and species which ’ can be referred 
indubitably to the group. An exhaustive study of Recent as well 
as of the fossil forms leads the author to important conclusions on the 
phylogeny of the sub-order, as weU as on the general relations of the 
Orthoptera and the origin of the Saltatoria from the Protorthoptera. 

“New Blattoid Insects from the South Wales Coalfield ” are 
described by F. S. Wallis m Geol. Mag., LXXVI, 1939, 23-5. There 
axe four new species which all come from the tenuis zone. The 
author describes a new technique for copying the veins of wings— 
the wings are first photographed, and then the veins are carefully 
marked on the print in coloured inks, the print being subsequently 
bleached. 

M. T. James discusses the fossil Asilidse in “ A Prelimmary 
Review of Certain Families of Diptera from the Florissant Miocene 
Beds. li,” Joum. PaUont., XIII, 1939, 42-8. Six new species are 
described, and the author concludes that the Bibionidse, 
Stratiomyidse, Empididae, and AsUidse have not undergone much 
evolutionary development since the Miocene. The Florissant fauna 
indicates a warm, humid, but not tropical climate. 

BOTANY. By Pboi'BSSor E. J. SAixsBXJBy, C.B.E., D.So., P.E.S., 
XJuiversity College, London. 

Thb gametophyte and young sporophyte of PsiUAum iriquetrwn 
has now been fuUy described by J. E. Holloway {AnncUs of Botany, 
ni, 313, 1939). The mature gametophyte is sioular to that of 
Tmesipferis. It is subterranean, of an elongated cylindrical fiuan, 
bearing numerous rhizoids, and contains a 
of myoorrhizal tissue. Growth takes place 
cell with four faces from which segments^ a* 
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phyte exhibits forked branching and attains a length of up to 18 mm. 
It can reproduce by means of gemmae, which are sometimes produced 
in large numbers. Two types of gametophyte are recognised, 
distinguished by their stout or slender form. A striking feature of 
the former is the presence of a traoheidal strand traversing the central 
region and consisting of from one to three elements, a feature which 
has not been observed in the slender type of gametophyte. This 
conducting strand consists of annrilar and scaJariform traoheids and 
is limited by an endodermis, but a remarkable feature is that it is 
intermittently present along the axis of the gametophyte. 

The antheridia and archegonia occur on the same gametophyte 
scattered over the entire surface. The mature archegonium has a 
straight neck of from six to seven tiers of cells, with four cells in each 
tier, and there are probably two neck canal cells. The antheridium 
normally projects in a globular manner from the surface. Both 
antheriia and archegonia differ markedly in size upon the slender 
and robust gametophytes, those on the latter being the larger. 
Embryo formation takes place as in Tmesipteris. 

In 1929 Hartmaim showed that there are three t 3 rpes of plants of 
Enieromorpha compresaa, aU externally alike, namely male plants, 
female plants and asexual plants. K. R. Ramanathan {Annals of 
Botany, III, 375,1939) has now investigated this species cytologicaUy, 
and finds that the sexual plant, which produces bioiliate gametes, 
has 10 chromosomes in the nudeus, whereas the asexual plant, which 
produces quadrioiliate zoospores, has 20 chromosomes. Sexual 
fusions between the gametes show aU conditions from strictly 
kwgamous to definitely anisogamoua. There is thxis a definite alter¬ 
nation of generations, and, though the plants are morphologically 
alike, the gametqphytes have photosynthetic cells which contain 
from two to three pyrenoids, whilst those of the sporophytes contain 
from three to five pyrenoids. 

, In the same journal Mrs. Arber (p. 337) deals with the peculiar 
morphology of the petal of Jjychnis, which has been the subject of 
various interpretations. On anatomical grounds Mrs. Arber con- 
dudes that the two lateral wings-at the junction of limb and claw 
may be regarded as stipular, but that the two central “ coronal 
teeth ” are actc^y invaginations, morphologically similar in 
character to the median tooth of each corolla lobe in such a Bora- 
iginaceous flower as QynoglMsum. 

., Apomiotio seed production in Poa protends, recorded by Ranoken 
and Akenberg, showed that the stimulus of pollination, though not 
, neb^sarilytihax>ngh pollen of the same species, was requisite for the 
‘apeaniotiG-seed development. The latter author now desoribes 
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poUination experiments with six species, including P. praterma 
itself. UnpoUinated plants set no seed, but of the pollinated plants 
seed production was actually higher with the pollen of P. alpina 
than with the pollen of P. pratensis. The percentage of aberrant 
individuals in these poUination experiments, namely 9‘2 per cent., 
may be taken as an indication of the proportion of sexuaUy pro¬ 
duced offspring, and observations on wild populations indicated about 
7 per cent, of sexual individuals (Hereditas, XXV, 369, 1939). 

The North American species of Crepia have been investigated by 
G. L. Stebbins and J. A. Jenkin in respect to their apomictic be¬ 
haviour {Oenetica, XXI, 191, 1939). The members of this genus 
vary considerably in respect to the frequency of apospory and the 
time at which it begins. In tetraploid Crepia occidentalia apospory 
occurs in 28 per cent, of the ovules and begins after megaspore 
tetrads have formed. In most types apospory is facultative and 
occurs in 78-87 per cent, of the ovules, but in one apomiot of C. occi- 
denialia with a somatic chromosome complement of 77 apospory 
occurs in aU the ovules. 

The osmotics of a mangrove area in Serial have been investi¬ 
gated by Jatis {Ber. d. Dewt. Bot. Oea., LVI, 474, 1938). As T. G. 
Hill showed, for temperate halophytes there is a marked correlation 
between the osmotic value of the ceU sap and the chloride content. 
Thus Avieennia alba, with an osmotic value for the ceU sap of 
41’29 atms., had a chloride content corresponding to 26’4 atms. 
At the other extreme Malacchra capitata, with an O.P. of 7-14 atms., 
had a chloride content corresponding to 2-76 atms. Amongst the 
values recorded the foUowing may be cited: JEgiceraa magvs, 26>4- 
38*2 atms.; Avieennia officinedia, 26-42 atms.; Sonneratia aeida, 
11-19 atms.; Bruguiera, 22-8 atms.; Acanthua, 14-26 atms. 

The Boat Mailing Beaearch Stedion Report for May 1939 cont ain s 
several papers which have an ecological bearing. H. M. Tydeman 
(p. 103) reports experiments upon the germination of pear seeds 
which indicate that low temperatures favour germination and that 
overwintering the seeds under cold conditions is advantageous. 
Unwashed seeds yielded only 30-3 per cent, of seedlings, whereas 
washed seeds yielded 60’2 per cent, germination and, moreover, 
germinated earlier, so that the resultant seedlings were larger. Seeds 
sown in the spring appear to germinate better than those sown in the 
autumn. In the same report (p, 127) 0. P. Meld discusses the results 
of experiments in which the blossoms of two varieties of Apple, 
namely Crab and Court Pendu Plat, were subjected to low tempe®&f; 
tures. These indicate that damage is caused when the 
falls below 29° F. and that its extent is proportintud 
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of the low temperature. The dryness of the blossom, as was to be 
anticipated, materially affects the susceptibility, but no indication 
could be obtained of hardening, although slow cooliog delayed the 
appearance of the damage. 

An additional contribution to the study of the distribution of 
the Flora of Ireland by Dr. Praeger appears in the Proceedings of 
the Boyal Irish Academy for Febniary (XLV, B, 10, 231, 1939). 
Amongst the more interesting records may be noted a number of 
aliens which have become naturalised and some of which, like 
Mpilobium wummulaerifolium, bid fair to spread at the expense of the 
native flora. Altogether these records involve some four hundred 
species. 

The Report of the Botanical Society and Exchange Club (XII, 1, 
1939) contains a number of new county and vice-county records, 
which mclude Ranunculus sphaerospermvs from South Wilts, 
Oorydalis cUmcvlata from South Wilts, Fumaria Bastardi from Ox¬ 
ford, Draba muralis from Rutland, Tfdaspi calaminare from Rhum, 
Trifolium squamosum from South Lancashire, Rosa spinosissima 
from South Wilts, BupUurum rotundifolium from South Lincoln¬ 
shire, Gicuta virosa from South Lancashire, Antennaria dioica from 
North Wilts, TrientaUs Europea from South Lancashire, Myosotis 
brevifoUa from Mid-West Yorks, Euphrasia rivvlaris from Cumber¬ 
land, Rhinanthus stenophyllus from North Aberdeen, Utricularia 
intermedia from South Lancashire and Arran, Euphorbia platyphyllos 
from South Lincolnshire, Empetrum hermaphroditum from Banff, 
Geratophyllum demersum from Renfrew, Potamogeton pusiUus from 
North Wilts, Warwick, Oxford, Staffordshire, and Lanark, Carex 
abrofusca from Rhum, Carex ehngata from Dorset, Ga/rex maritima 
from South Northumberland, Mibora vema from South Northumber¬ 
land, Olpceria dedinata from West Kent, Festuca hetercphylh from 
South Hants, and Equisetum hyemale from North Aberdeen. The 
same journal contains a paper on the British species of Utricularia 
by P. M. Hall and one on the British species of Rumex by J. E. 
I^usley^ 

PLANT PHYSIOLOGY. By PaoraiSSOB Walomb Stoubs, So.D., P.R.S., 
The University, Birmingham. 

MiOEO-NtTTEiBNTSi-—Oflate years the importance for plant nutrition 
of a number of elements, not previously regarded as essential for 
plant growth, has come to be realised, and these elements, often 
galled nu<n^o-nutrients or tra<»-elements, because they are required 
; by plants in only very smafl quantities, have attracted increasing 
att^tion on the part of plant physiologists. In 1936 W. B. 
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Brenchley published a review of the subject (“ The Essential Nature 
of Certain Minor Elements for Plant Nutrition,” Bot. Bev., 2, 173- 
96, 1936) and concluded that the evidence then available indicated 
that small amounts of boron and manganese are necessary for the 
healthy growth of many, and possibly all, plants, while copper and 
zinc are essential for the growth of, at any rate, some species. Two 
years later, J. E. McMurtney (“ Distinctive Plant Symptoms caused 
by Deficiency of any one of the Chemical Elements essential for 
Normal Development,” Bot. Rev., 4, 183-203, 1938) reviewed the 
symptoms due to deficiency of various elements exhibited by plants, 
and records various deficiency diseases caused by shortage of micro- 
nutrients. These include top-rot of tobacco, heart-rot and dry-rot 
of sugar beet, internal browning of cauliflower, internal cork of apples 
and cracked-stem of celery, all due to deficiency of boron, and grey- 
speck disease of oats, pahala blight of sugar-cane and chlorosis of 
tomatoes due to shortage of manganese. Rosette diseases of fruit 
trees were remedied by supplying the trees with zinc, while die-back 
of Citrus trees has been simfiarly remedied by supplying the trees 
with copper, and there is at least the possibility that in such cases 
very small quantities of zinc and copper are essential for the healthy 
growth of these trees. It has also been reported that small quan¬ 
tities of copper are necessary for flax and barley to set seed. 

In a still more recent review J. W. Poster (“ The Heavy Metal 
Nutrition of Pungi,” Bot. Rev., 5, 207-39, 1939) has summarised the 
literature dealing with, among other data, the' micro-nutrients of 
fungi. The conclusion is drawn that the need for small quantities 
of zinc, manganese and copper is widespread among fungi. 

More attention has perhaps been given to boron than to other 
micro-nutrients. The state of knowledge relating to this element 
was summarised in this journal two years ago by R. W. G. Dennis 
(“ The Relation of Boron to Plant Growth,” Soi. Prog., 32, 66-69, 
1937). A more exhaustive account of the subject was published by 
the same author about the same time {“ Boron in Agriculture,” 
West of Scotland Agric. Coll., Plant Husbandry Dept., Research BuU. 
No. 5, 98 pp,, 1937), In this it is shown that certain soils are de¬ 
ficient in boron, the content of this element in soils varying consider¬ 
ably although its effect is masked by secondary effects which deter¬ 
mine the availability of boron to the plant. Water and calcium 
content of the soil are the principal factors concerned here, and 
liming and drought can bring about boron deficiency in the plant by 
reducing the availability of this element. 

In addition to the (hseases related to boron d^mency n^ited 
above, Dennis mentions also brown heart cd' swedes, 
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Boron, he states, is of umversal occurrence in living organisms, and 
flowering plants cannot develop folly in complete absence of this 
element. The function of horon appears to be connected with the 
water relations of the cell and with the translocation of manufac¬ 
tured food materials in the phloem. 

Two summaries of more recent work on the effect of boron on 
plants have appeared, the first by R. W. G. Dennis (“ Boron and 
Plant life, II; Recent Developments in Agriculture and Horti¬ 
culture,” Fertiliser, Feeding Stuffs and Farm Supplies Jovm., 16 pp., 
Sept.-Oct. 1937), the second by A. C. Dennis and R. W. G. Dennis 
(“ Boron and Plant Life, III: Developments in Agriculture and 
Horticulture 1937-38,” Fertiliser, Feeding Stuffs and Farm Supplies 
Joum., 19 pp., Feb., March and April 1939). In these papers are 
suflimarised the results obtained during the years 1935 to 1938 on 
the apphoation of boron to field crops. The range of experiments 
noted in these summaries is surprisingly wide and no less than 
264 contributions on the subject are listed in the bibliographies 
attached to the reprints of the papers. Among the more important 
results recorded we may note increased yield and increase in sugar 
content of sugar beet as a result of treatment with borax, and the 
control of the deficiency diseases already noted by treatment with 
borax or boric aoidi Perhaps some of the most interesting experi¬ 
ments on the subject axe those made on apples, in which boron 
deficiency produces a number of conditions known as drought spot, 
corky core, internal cork and corky pit. Experiments in Canada, 
New Zealand and the United States aU show that the development 
of internal cork in apples can be controlled by the addition of borax 
or boric acid to the soil. Askew in New Zealand made determina¬ 
tions of the boron content of the leaves and fruit of healthy apple 
trees and trees in which the fruit had developed internal cork, and 
found a very definite difference in boron content of healthy and 
diseased plants. He also found that boron rapidly enters the roots 
of apple trees and penetrates through the tree so that it reaches the 
fruit two months after its application to the soil. The rate of intake 
by the fruit increases as the fruit develops and reaches a maximum 
just before maturity, after which the rate of intake declines. The 
relative amoxmts of boron absorbed by treated and untreated plants 
were, in the case of Jonathan apples, 2624 and 138-2, and in the 
case of Dougherty apples, 222-6 and 61-6. The amount of boron 
required by an acre of New Zealand orchard was estimated at 
44 gm. per annum. 

While the Graminese, or at any rate cereals, require very little 
boron, they appear to be more sensitive to deficiency in manganese. 
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The grey-speck disease of oats and wheat appears to be definitely 
associated with shortage of manganese, and so does the pahala blight 
of sugar cane. In some oases it appears that chlorosis may be the 
result of manganese deficiency. As with boron, other conditions of 
the medium may be important in bringing about shortage of man¬ 
ganese in the plant, and the reaction of the medium appears to be of 
the first importance in this respect, alkalinity of the medium leading 
to non-availability of the manganese. Chlorosis in beans, due to 
manganese deficiency, has recently been described by G. R. Town¬ 
send and H. W. Wedgworth (“ A Manganese Deficiency affecting 
Beans,” Florida Agric. Exp. Sta., Bull. No. 300, 23 pp., 1936). In 
this case the chlorosis is followed by the loss of the leaves and death 
of the plant. 

The effect of zinc in controlling rosette diseases of firuit trees has 
been nientioned earlier. Although not denying these effects 
Brenohley does not regard the evidence as affording definite proof 
that zinc is an essential nutrient for higher plants. In a recent 
contribution on this subject, however, W. H. Chandler (“ Zinc as a 
Nutrient for Plants,” Bot. Chz., 98, 626-46,1937) definitely supports 
the view that in Citrus zinc is a micro-nutrient and that the rosette 
condition is a deficiency disease. The nutrient effect of zinc in the 
case of many fungi appears to be defiboitely established. 

Recent water culture experiments by D. I. Arnon (“ Micro¬ 
elements in Culture-solution Experiments with Higher Plants,” 
Amer. Joum. Bot., 25, 322-5, 1938) indicate that in addition to the 
four elements boron, manganese, zinc and copper, generally regarded 
as micro-nutrients, there may be others. Lettuce and asparagus 
plants were grown in four different culture solutions. The fibrst 
contained only the ordinary nutrients, nitrogen, phosphorus, sulphur, 
potassium, calcium, magnesium and iron. The second contained in 
addition boron, manganese, zinc and copper. The third contained 
all the nutrients in the second solution and in addition seven other 
elements (Mo, Ti, V, Cr, W, Co, M) while the fourth contained in 
addition to all those in the third solution thirteen other elements 
(Al, As, Cd, Sr, Hg, Pb, Li, Rb, Br, I, Ee, Se, Be). Th© results of 
these experiments were striking. In the case of asparagus the 
respective fresh weights of the shoots of the plants grown in the four 
solutions were 16*2, 88*2, 118*1 and 121*7, ^d of the roots 12*8, 
38*2, 81*3 and 74*5. The favourable effect of the mioro-nutacieaats 
on the growth of lettuce was even more .marked, for with this plant 
the respective fresh weights of the shoots were Vl^, 106*7, 10t^*3^ 
and 984*4, and of the roots 14*6, 22*0, 188*6, 196:2.; (IhuSj ; 

a marked increase in growth respited fitom the ^ i|fe 
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elements generally regarded as micro-nutrients, a further very 
definite increase in growth resulted when a small quantity of seven 
other elements (molybdenum, vanadium, titanimn, tungsten, 
chromium, nickel and cobalt) were present in the culture solution. 
This suggests very strongly that one or more of these seven elements 
plays a part in the nutrition of the plants used. 

The effect of molybdenum on a number of plants has been 
examined by K. Warington (“ Observations on the Effect of 
Molybdenum on Plants with Special Reference to the Solanacese,” 
Ann, App. Biol., 24, 475-93, 1937) the species used being potato, 
tomato, Bolanum nodiflorum, barley and broad bean. Various 
compoimds of molybdenum were formed in the tissues of plants 
supplied with sodium molybdate and such compounds with tannin 
and with anthocyanin resulted in the formation of definite bodies 
within the cell to such an extent that the general appearance of the 
plants were altered. Thus shoots of tomato and tubers of potato 
turned respectively golden and reddish-yellow, while leaves of 
Solanum nodiflorum and leaf-sheaths of barley acquired a blue, 
rather than purple, appearance as a result of the reaction of the 
molybdenum with anthocyanin. These changes appear to be 
distinct from toxic effects produced by larger doses of molybdenum. 
Miss Warington’s conclusion is that molybdenum, although not yet 
ranked as a micro-nutrient, evidently plays a part in the cytological 
morphological behaviour of the plant. 

In water culture experiments designed to examine the effect of 
iniaro-nutrients on plants it is obviously of the firat importance that 
the culture solutions should be free from metal impurities. P. R. 
Stout and D. I. Amon (“ Experimental Methods for the Study of the 
Role of Copper, Manganese and Zinc in the Nutrition of Higher 
Plants,” Am&r. Jornn. Bot., 26, 144-9, 1939) describe methods for 
the preparation of the ordinary nutrient salts so that these are free 
from such impurities, and for the purification of the distilled water 
used for making up the culture solutions. A test using dithizone 
is described for examining the purity of the water and of stock solu- 
tfoM of the ordinary nutrient salts. The authors were able to oon- 
the parity ^ their solutions by growing tomato plants in a 
nufrient Sohrlion oc^ateojoing the cardinaoy nutrients but devoid of the 
micro-nutxient elements manganese, zinc and copper r^pectively. 
It was found that in eaoh case the plants developed the condition 
oharactecislic of deficiency in the particular element omitted. 



ZOOLOGY 351 

ZOOLOGY. By EMBBmrs Pbofessojr W . Gabstano, M.A., D.Sc.; and 

B. W. Tctckbb, M.A., The University, Oxford. 

PEiMxrrvB Mollttsoa. —^The systematics of a great textbook exert 
a wide influence, but when Thiele in Kiikenthal’s Handbmh d&r 
Zoohgie (5, 1925) excluded the Solenogastra (= Aplacophora) from 
MoUusca, thereby abolishing the class Amphineura, that influence 
could only tend towards a narrowing of the malacological outlook, 
and his substitution of the confusing term Loricata (Schumacher, 
1817) for the long-established and unambiguous Polyplacophora was 
a needless change of the same order. Two recent papers on the 
Polyplacophora, despite these influences, are of special interest. 

VeraPretter {Trans. Roy. Soc., Rdin., 59, 1937, 119-64) has care¬ 
fully studied the anatomy and physiology of the digestive system in 
several Chitonids of normal type, especially Lepidochiton cinerem. 
Her descriptions of complex matters, from an over-concentration on 
detail, are sometimes hard to foUow, but her admirable illustrations 
leave no doubt as to her meaning. She finds a general similarity to 
that of the lower Gastropoda, which have similar rock-havmting and 
herbivorous habits. Food rasped off by the radula is passed into a 
dorsal food-channel flanked by ciliated grooves and mucous ridges, 
where it is entangled in mucilage and driven past the elongated 
apertures of the characteristic “ sugar glands ” of the oesophagus. 
These pour upon the food-rope a copious amylol 3 rtic secretion, and 
the mixed mass is swept into the stomach. The lateral sugar- 
glands, though concentrated into a single pair, and the dorsal chaimel, 
clearly correspond to the numerous oesophageal recesses and the food- 
groove of PateUa. The stomach, on the other hand, is quite unlike 
the simple tubular organ of the limpets, being asymmetrically dis¬ 
torted by the formation of a large “ ventral sac.” The author gives 
good grounds for regarding this sac as an outgrowth of the dorsal 
wall which has dropped over on the left side and then extended to 
the right. This twist brings up the ventral half of the stomach as 
an axial channel above the sac, and rotates the two ciliated grooves 
within it, which are right and left in the oesophagus and intestine, 
into doraal and ventral positions respectively. The author terms 
this channel the “ dorsal channel,” which tends to confusion with the 
true dorsal channel in the foregut, and should be avoided. We 
suggest “ axial passage ” for it. As interpreted, it is reafly the 
ventral half of the original gut-tube. 

The two ducts of the digestive glands open into the hinder pait of 
this axial passage, one behind the other, so tha,t, in effect, the 
intermediation of the passage (which seems to correspond with th^ 
dmtm cMoedicm of Haller), the right (anteripr) ^tod cpmmnmcafeKf; 
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more freely with the ventral sac, and the left (posterior) gland with 
the anterior intestine. These relations seem from Fretter’s account 
to be intensified in lachnochiton and Oryptochiton, As in Patdla, the 
glands yield a protease, but, whereas there the enzyme is retained in 
the glands for intra-cellular digestion of the food, in Ohitonids it is 
passed into the ventral sac and anterior intestine, and digestion is 
entirely extracellular, except by amoebooytes, which are numerous. 
The fluid products are pumped at intervals into the glands by 
muscular action of the anterior intestine, assisted by a special 
valvular mechanism, and the glands furnish the sole absorbing 
surface. The long coiled posterior intestine seems to be concerned 
only in the moulding of fsecal pellets, as in Patella. 

The author rightly emphasises the resemblances to the lower 
Gastropoda, as indicated above, but has overlooked some important 
differences, which point to more prmutive relations, “ The struc¬ 
ture of the alimentary canal of the Aplacophora,” she remarks, “ is 
so different from that of the Polyplacophora that no homology 
between them seems justifiable ”—^a judgment in conformity with 
Thiele’s views, but ignoring the remarkably prophetic character of 
the gut of Proneomenia and its allies. In its straightness and 
simplicity, with its dorsal ciliated groove and almost metamerically 
saccidated and glandular side-walls, it yields an ideal precursor of 
the divergent arrangements of Ohitonids and Gastropods. The 
peculiar stomach of Ohitonids seems to demand the pre-existence of 
a dorsal caecum, and this, in very primitive form, is there too. 
M<meover, the entirely extracellular digestion of Ohitonids is inex¬ 
plicable as a deviation from Diotocard physiology, since food and 
conditions of life are identical. It points more strongly towards 
an ancestry with carnivorous or at least omnivorous habits. Al¬ 
though precise details are lacking, we know that Proneomenia takes 
in small Orustacea as well as diatoms (Heusoher, 1893). 

0. M. Yonge {Quart. Jour. Micr. Sci., 81, 1939, 367-90) describes 
the giUs and respiratory currents of various “ Loricata.” He con¬ 
firms previous observations on the backward currents in the paUio- 
pedal grooves, but reveals the important fact that the series of giUs 
on a side is so inter-connected and arranged as to constitute a func¬ 
tional unilgr. In the commoner forms without adanal gUls the space 
, around the anus is empty, the last (postrenal) gill is enlarged and 
blocks the channel, while the anterior (abanal) giUs are functionally 
united by the interlocking of cilia at the tips of their filaments. The 
whole series thus constitutes a perforated septum dividing each 
groove into outer inhalant and iimer exhalant channels, and all the 
water which escapes behind has been made to traverse the inter- 
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filamental gaps. The current is induced by broad bands of cilia on 
the flat proximal and distal faces of the filaments. 

In Lepidopleurus asellus^ on the other hand, the anus has shifted 
from the pedal to the pallial side of the groove, the adjacent space is 
occupied on each side by six adanal gills behind the postrenal, and 
the abanal gills are reduced to the same number in front of it. The 
latter retain their vertical position and the same modus operand^ 
but the adanal giUs are directed outwards across the groove as a 
horizontal septum and the current through them is reversed, i.e. 
from their upper (inner) to their lower (outer) sides. Thus, if we 
understand the situation correctly, two streams enter the space 
above the adanal giUs and supply them, viz, an outer stream of pure 
water from the general inhalant current, and an inner stream of 
effete water from the abanal gills. The development of adanal 
giUs is regarded as a secondary adaptation, which has appeared in 
separate families independently. The puzzle to us is to find what 
advantage is conferred by this repeated change from good respiration 
to bad. 

Yonge gives good reasons for regarding the gills as true ctenidia, 
and expresses his belief that the Chitonid type has been evolved as an 
adaptation to tidal existence from a primitive univalve mollusc with 
a single pair of ctenidia in a posterior mantle chamber, i.e. from 
Lankester’s Archi-moUusc.’’ It might be urged that Yonge’s own 
results, and the difficulty of the adanal gills, point rather to a primi¬ 
tive condition in which the giUs were in lateral series from the first. 

OsPBEYS AND SwiTTS. —^L. V. Compton {JJniv. California 
Publications in Zoology, 42, 1938, 173-212) has reached important 
conclusions regarding the systematic position of the Osprey {Pandion), 
which proves to have unexpected affinities with the New World 
Vultures (Cathartse). The author shows that it agrees with the 
members of this sub-order in its pterylosis and in the arrangement 
of the plantar tendons and differs entirely from the Acoipitridos, 
with which, in recent years, it has usually been placed. His con¬ 
clusion is that it should be transferred from the sub-order Palcones 
to that of the Cathartse, with which it also shows other resemblances 
and of which it would be the sole representative in the Old World. 
It seems doubtful, however, whether such a drastic change is justified 
by the facts since, in other important features, Pandion agrees with 
the members of the Falcones and differs from the Catharta, so that 
it may be suggested that it would be better regarded as constituting 
an isolated family of the Faloones preserving primitive characters 
which the Cathartae also retain. 

P. R, Lowe (Trans, Zool, Soc., 24, 1939, 307-48) has re-studied 
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the problem of the systematic position of the Swifts (Cypseli) and 
Humming-birds (Trochili). Kitchin Parker and others have in¬ 
sisted on more or less close affinities of these birds with the Nightjars 
(Caprimulgi), but as a result of a most thorough original study of the 
structure of the three groups mentioned, together with that of the 
Passeres and Broadbills (Burylaimi) the author tabulates and dis¬ 
cusses a large number of characters, from which it appears clear that 
whereas almost all the essential features of the Caprimulgi are non- 
Passerine, the Swifts and Humming-birds show a large and significant 
measure of agreement with the Passeres and Eurylaimi and hardly 
any with the Nightjars. Nearly all the differences between the first- 
named two groups are related to the striking adaptive specialisations 
which both Swifts and Humming-birds have undergone. The 
author’s conclusion is that the Passares Eurylaimi, Cypseli and 
Trochili should all be associated in one great order, the Passeri¬ 
formes, in which he teUs us he would also include the Woodpecker 
group (Pici). His evidence that all these groups are more closely 
allied to one another than to any others is clear and cogent, but his 
order Passeriformes seems undesirably vast and heterogeneous and 
the distinctions of the component groups seem to the‘reviewer of 
more than sub-ordinal value. It would seem preferable to treat all 
the subdivisions as constituting a group of allied orders under some 
classificatory designation of higher value. 

The Haibs op Monotremata. —^A. B. Wildman and J. Manby 
{Trans. Roy, Soc., Edin., 59,1938, 333-49) have applied to the hairs 
and spines of Monotremes the new technique of celluloid impressions 
by which cuticular scale-patterns can be revealed with marvellous 
precision. In EohidnicUe a similar pattern-sequence characterises 
spines and bristles alike, the annulations changing from “ orenate ” 
at the tip to “ smooth ” at the base, but in Ornithorhynch/us the 
authors claim that only the “ shield-hairs ” of the outer coat show 
this sequence in full, and that the “ fur-hairs ” lack the whole of the 
crenated zone which is conspicuous in the shields. Prom this they 
conclude that the spiny coat of Echidnids is the more primitive, 
that the shield-hairs of Omiihorhynchus are a “ last remnant ” of it, 
and that its fur-hairs axe a later development, brought about by 
suppression of the shield region. These would be big conclusions 
to draw firom the most perfect analysis of cuticular patterns, but their 
beautiful photographs hardly bear out their case. There should be 
a demonstrable correspondence between the tips of the hairs and the 
** necks ” of the shields, and it is true that the authors describe both 
as “ scalloped ” ; but this term is not defined, and the photographs 
reveal that the “ scallops ” in the two cases are not homologous. 
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In the hairs (PI. V, Pigs. 6-10) they can. be seen to be equivalent to the 
bold dentations ■which occur lower do'wn in both kinds of hair; 
while in the shield-hairs (PI. IV) these same dentations can be 
traced upwards into very broad, low, transverse scales, of which 
the “ scallops ” are merely secondary marginal crenulations. In 
reality the tips of the hairs agree with the tips of the shields in being 
“ annulate,” as Dry appropriately termed them in the Mouse {Jour. 
Genetics, 16, 1926, 296), and there is no reason for doubting their 
complete homology. Still more crucial, however, than any mere 
cuticular corresi^ondence, is an observation recorded fifty years ago 
by Sir Edward Poulton in his classical paper on the subject {Qumt. 
Jour. Micr. Sci., 36, 161) that the peculiar interruption of the 
medulla in the neck of shield-hairs is recognisable in fur-hairs at a 
corresponding point. 



NOTES 


Tie Future of the Royal Observatory, Greenwich (A. Hunter) 

Selection of the site for a new astronomical observatory is nowa¬ 
days a matter for years of patient study and observation. It is 
scarcely surprising, then, that such a casual choice as that of Green¬ 
wich, made by Charles II in 1675 when the village was a pleasant 
hour’s trip by Royal barge dovm-river from Westminster, has not 
always proved ideal. But until recently, astronomical work could 
be carried on at Greenwich without more serious interference than 
that of cloud. With the southward trend of industry, however, new 
factories have sprung up close to the Thames between London and 
the sea, and new housing estates creep ever onward into Kent. 
The 1939 Report of the Astronomer Royal to the Board of Visitors 
discloses a position which threatens the continued existence of the 
national observatory on its present historic site. 

The trouble is threefold: the deterioration of “seeing” and 
atmospheric transparency as a result of the emission of smoke and 
flue gases by factcuy and domestic chimneys; the fouliag^of the 
mechanical and optical surfaces of the instruments by deposits of 
grit and acid ; and the rapid brightening of the night sky caused by 
modem developments in street lamps and advertising signs. 

The first of these disadvantages affects practically all the work, 
visual and photographic. Double-star observations on the 28-inch 
refractor are hampered to an increasing extent as the limiting 
magnitude attainable decreases: a binary -with tenth-magnitude 
component is now almost an impossible object. Perhaps the most 
serious effect, however, is on photometric work. The recently- 
completed programme of colour temperature measurements, in 
which Greenwich has led the world, can never now be extended, 
since the accuracy of the results depends on uniform transparency 
of the sky in different directions. The number of nights at Green¬ 
wich on which this condition is fulfilled was never large, but has 
recently diminished to an extent which makes farther work im¬ 
possible. 

With regard to the deposition of Jereign matter, this also has 
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■widespread effects. It is frequently necessary to interrupt time 
observations on the small transit instrument in order to free the 
pivots from grit. The waste of time so occasioned is bad enough 
when every observing moment is precious, but far worse is the 
damage to the pivots. On the big new reversible transit circle the 
pivots are better protected, but even so, appreciable scoring has 
occurred on both pivots and Y’s. As to the optical surfaces, the 
refractor surfaces are not likely to suffer damage whilst care is taken 
over the cleaning, but the effect of the Greenwich atmosphere on 
aluminised surfaces is unbelievable to the lucky visitors from the 
big Cahfomian observatories, where aluminum coatings are regarded 
as practically indestructible. The coelostat mirrors of the spectro- 
helioscope are uncovered only when the sun is actually shining, but 
even so the corrosive deposits render them unusable after less than 
a year. The experience -with these small mirrors has been so 
discom-aging that the 36-inch mirror remains silvered, and is taken 
down twice yearly for re-coating. It is most unfortrmate that the 
prisms of the slit spectrograph designed for use with this mirror are 
of ultra-'violet glass, so that this instrument cannot be used to full 
advantage with silver surfaces, which reflect poorly in the ultra¬ 
violet. 

As for the glare from the night sky, this is mostly due to the 
reflection of light from arterial road lamps and advertising signs by 
the dirt particles of a smoke-laden atmosphere. Long-exposurq, 
photographs are now impossible; and even the relatively short 
exposures in the stellar parallax programme on the 26-inch refractor 
may involve a total exposure of half an hour, which on a sensitive 
emulsion will now cause the beginnings of fog. There was a time 
when Green-wich took a prominent place in photographing the more 
spectacular sights of the heavens—^the globular clusters, the diffuse 
galactic nebulae, the external galaxies—^but its actmty in this 
direction is now at an end. 

The Astronomer Royal sums up thus : “If the Royal Observa¬ 
tory is to continue to make important contributions to astronomy, 
as it has done for the past 264 years, and to provide an efficient time 
service of high accuracy, it is essential that it should be removed to 
a site where astronomical conditions are favourable. The present 
wasteful efforts to secure observations under increasingly bad con¬ 
ditions, and the restriction of programmes that are necessitated by 
such conditions, would thereby be avoided.” 
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Medioal Besearch at Kuala Lumpur (C. Price JoneB) 

In the Annval Report of the Institute for Medical Research at Kuala 
Lumpur, F.M.S., edited by the director, A. Neave Kingsbury, we 
have an interesting and detailed account of the work done during 
1937. An enquiry by Br. J. 0. Poynton on the distribution, etiology 
and treatment of fflariasis shows that infestation is widespread among 
the riverine population along the river Perak from Parit to within a 
few miles of the sea and on the Kinta and Dedap tributaries, and he 
estimates that about 1 per cent. (50,000) have elephantiasis and 
about 2 per cent, more were infested. Infestations with Wv^hereria 
bancrofti are occasionally found, mainly in immigrants, but the 
majority of infestations in rural areas are with Microfilaria malayi. 
Mr. B. P. Hodgkin finds that Mansonia uniformis and M. longipalpis 
are the chief local vectors of Mf. Malayi, though M. annuUfera, M. 
anmdatus and M. Indiana were found by experimental feeding to be 
susceptible to infection. Two species of pathogenic Pilaria occur in 
Malaya ; Wuchereria bancrofti transmitted by culioine mosquitoes 
{Culex fatigans) and found in towns and large communities, and 
Microfilaria malayi carried by Mansonia mosquitoes, which breed in 
sWfimps and occur among rural communities along river banks, and 
are the species of local importance. Microfilaria malayi, after 
‘developing for twelve days in the mosquito, is deposited on the skin 
at the time of biting and finds its way to the inguinal lymphatic 
jj^nds, where the sexual forms mature and reproduce by discharging 
‘ numbers of embryos, which find their way into the blood stream, or 
failing this produce local inflammatory reactions resulting from their 
death in the lymphatics and glands, including recurrent attacks of 
fever with lymphangitis of the legs and elephantiasis of legs and feet. 

Adult worms have not yet been found but it is stated “ there 
seems to be little doubt that the adult worms have a life up to fifteen 
years.” Investigations by dissection and infection of monkeys are 
in progress. Infestation with Mf. Malayi involves chiefly Malays, 
as this race inhabits areas favourable for breeding of the vector. 
Infestation mcreases with length of time spent in infested areas, but 
liability to clinical manifestations increases as the subject grows 
oldesr. Various staining methods were considered for showing mor¬ 
phological features of the filaria; generally Giemsa is easy to employ 
and ^ves good nuclear differentiation. This is conveniently carried 
out in troughs, using a 1 in 35 dilution in buffered solution for half 
an hour, staining and dehaemoglobinisation being achieved in one 
process. The films containing Microfilariae are separated and the 
diffmenriation improved by flooding them for a few seconds with 
0*1 ]^r cent, acid alcohol. Treatment with the object of killing the 
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adult -worms by injeotion of drugs has not been especially successful, 
though intravenous injections of cyanide of mercury have resulted 
in marked improvement in some cases. A more hopeful method is 
prevention, and investigation of the breeding habits of the vectors 
seems a likely course to pursue. Control of oxygenating -water 
plants through agricultural developments and adequate drainage 
would have good influence; removal of “ lines ” to a point at which 
the catches of Mansonia are lowest, the transfer of those -with 
positive blood films to some non-epidemic area in exchange for 
uninfected subjects, and the alteration of routine so that workers 
are not exposed near the breeding grounds in the early hours of the 
morning, would all be helpful. 

For estimations of therapeutic efficiency of antimalarial remedies, 
cases in wards of the General Hospital, Kuala Lumpur, are used, 
and each case before admission to a test series must satisfy the 
standards pre-^iously fuUy described. 

During the latter half of the year the standard of asexual parasite 
concentration in peripheral blood was raised to a minimum count of 
not less than 1000 per c.mm.; the former limit was 600 per c.mm. 
This raising of the standard should increase the value of the elimina¬ 
tion of mild cases in which there is a considerable possibihty of 
spontaneous cure. AH cases in the -test series were observed clinic¬ 
ally and parasitologically for at least seven days. Mixtures con¬ 
taining aU the active principles of cmohona bark may be little, if at 
all, inferior to quinine. Such a mixture, kno-wn as cinchona febri¬ 
fuge, has for long been in use. It has, however, no fixed composition 
and the proportions of the various alkaloids vary -widely. To over¬ 
come this “ Totaquina ” was introduced; it has a guaranteed 
content of crystallisable alkaloids of 70 per cent., of which one-fifth 
is quinine. Dr. J. 0. Niven has investigated 134 subtertian and 
70 benign tertian cases treated with Totaquina, the quinine treated 
controls being 129 and 73 respectively. 

Totaquina is supplied as a bro-wn powder, the composition of 
which is quinine 19 per cent., cinchonine 60 per cent, (or 77 per cent, 
of erystaUisable alkaloids), cinohonidine 6 per cent, and quinidine 
3 per cent. (= 16 per cent, of amorphous alkaloids). Totaquina is 
insoluble in water, and solutions were made up in dilute acid. The 
res-ults from the present series and those of 1932 are closely parallel— 
briefly there is no significant difference between Totaquina and 
quinine in the rapidity of action in destroying parasites or reducujg 
fever. Neither is an efficient subtertian gametocide. The number- 
of oases returning to hospital -with a second attack of the same%pe 
was the same in each group. Nor is the naixtnre (rf atolpida 
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toxic than quinine. Many people object to taking what is described 
as “ dirty quinine.” The cost of Totaquina is only about half that 
of qutoine bihydroohloride and three-quarters that of quinine 
sulphate. Tests with “ Paludex,” a Belgian proprietary prepara¬ 
tion, showed that it is not an efficient remedy for acute infections 
with the Malayan strains of P. faleiparum. A few oases were treated 
with ProtonsU. in doses of 0-9 gm. daily; this method is described 
as not reliable. 

Miscellanea 

The honours list published on the occa-sion of H.M. the King’s 
birthday included the following awards : K.B.E.: Prof. W. B. 
Benham, emeritus professor of biology, University of Otago ; 
Prof. T. A. Hunter, professor of philosophy and psychology, Vic¬ 
toria College, University of New Zealand. Knights Bachelor : 
Dr. E. J. Butler, secretary to the Committee of the Privy Council 
for Agricultural Research ; Mr. P, Carnegie, chief superintendent 
of Ordnance Factories, War Office; Prof. J. Graham Kerr, M.P., 
formerly regius professor of zoology in the University of Glasgow ; 
Prof. 0. W. Richardson, Yarrow research professor of the Royal 
Society; Prof. J. P. Thorpe, chairman of the Smoke Sub-Com¬ 
mittee, Chemical Defence Committee, War Office. C.B.E.: Mr. 
A,. S. Cox, assistant comptroller, Patent Office, Board of Trade; 
Ife. Seton Gordon, for services to literature and natural history; 
Prof. E. J. Salisbury, Quain professor of botany, University College, 
London. O.P.JS.; Dr. G, P. Douglas, assistant superintendent 
(r^afch). Royal Aircraft Establishment, Parnborough ; Dr. W. E. 
Fisher, principal, Wolverhampton Technical College ; Prof. W. G. R, 
Paterson, principal, West of Scotland Agricultural College, Glasgow. 

Viscount Nuffield and Mr. John Davison Rockefeller have been 
elected fellows of the Royal Society under the terms of the Statute 
which provides for the election of persons who " either have rendered 
conspicuous service to the cause of science, or are such that their 
Section would be of signal service to the Society.” 

The Royal Society has elected three more foreign members. 
Prof. W. B. Gannon, prof^sor of physiology in Harvard Medical 
School, Prof. G. von Hevesy, research professor in the Institute of 
Theoretical Physics,. Carlsberg Laboratory, Copenhagen, and Prof. 
H.Preundliohnowatthe University of Minnesota, Minneapolis,U.S.A. 

, Sir WiUiam Bra^, P.R,.S., has received the John J, Carty medal 
“ and award (SOOO dollars) from the National Academy of Sciences,' 
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U.S.A. He has also been elected foreign associate of the Academy. 
A Klee honour has been conferred on Sir Joseph Barcroft, professor 
of physiology in the University of Cambridge. 

The Elliot Cresson gold medal of the Eranldin Institute has 
been awarded to Sir Charles Vernon Boys. Other medals whose 
award was made or announced during the past quarter included 
the award of the gold medal of the Royal Agricultural Society to 
Sir George Stapledon of the Welsh Plant Breeding Station, Aberyst¬ 
wyth, for his conspicuous services to agriculture ; the Albert Medal 
of the Royal Society of Arts to Sir Thomas Holland for his services 
to the mineral industries ; the Charles P. Daly medal of the Ameri¬ 
can Geographical Society to Prof. H. J. Fleure of the University 
of Manchester; the Ldnnean medal of the Linnean Society of 
London to Dr. E. D. Merrill of Harvard University, and the Melchett 
medal of the Institute of Euel to Mr. H. A. Humphrey, lately con¬ 
sulting engineer to Imperial Chemical Industries, Ltd. 

The University of London will confer the degree of D.Sc. honoris 
causa, on Prof. Niels Bohr and Sir Robert Robinson. 

Prof. W. L. Bragg has been elected president of the Institute 
of Physics for the session 1939-40 ; Dr. James Ramsbottom, 
president of the Linnean Society for the same period, and Dr. 
Frank B. Jewett, president of the tJ.S. National Academy of Sciences 
for the four years 1939-43. 

We have noted with great regret the annotmeements of the 
death of the following scientific workers during the past quarter: 
Dr. E. T. S. Appleyard, physicist. University of Bristol; Brig.-Gen. 
the Hon. C. G. Bruce, leader of the Moimt Everest Expetoions, 
1922 and 1924; Sir Frank Dyson, Astronomer-Royal 1910-33; 
Mr. H. Havelock ElKs, psychologist; Prof. Rudolf Fick, anatomist. 
University of Berlin; Dame Maria Ogilvie Gordon, geologist; 
Prof. I. M. Gubkin, geologist, U.S.S.R.; Dr. A. Harker, P,R.S., 
petrologist, University of Cambridge ; Sir Frederick Hobday, lately 
principal of the Royal Veterinary OoEege, London; Prof. W. A. 
JoKy, physiologist. University of Cape Town; Mr. F. W. Jones, 
ballistics expert; Prof. A. E. KenneUy, electrical engineer, Harvaad 
University; Dr. E. Kidson, director of the Meteorolo^oal GfSeej, 
New Zealand; Prof. S. L. Loney, mathematician, Royal ; 

College, London; Dr. J, G. Lipman, soil specialist ; 
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Mayo and Dr. 0. H. Mayo, joint founders of the Mayo CHnio, 
Rochester, Minnesota; Prof. J. Mellanby, P.R.S., physiologist. 
University of Oxford; Prof. R. I. Meyer, chemist; Engineer 
Vice-Admiral Sir Henry John Oram, from 1907 to 1917 engineer-in- 
ohief of the Fleet; Miss M. E. Rich, botanist. Queen Mary College, 
London; Mr. E. H. Richards of the Rothamsted Experimental 
Station; Dr. Witmer Stone, emeritus director of the Academy of 
Natural Sciences, Philadelphia. 

The second circular issued by the Committee of the International 
Geological Congress to be held in London from July 31 to August 8, 
1940, contains a statement of the subjects to be discussed at the 
meetings, rules for the presentation of papers and details of the 
excursions before and after the meeting. The fourteen excursions 
before the meeting start at various dates from July 13 onwards 
and will accommodate about 850 persons. The nine arranged to 
follow terminate on or before August 24 and have accommodation 
for 775 persons. The inclusive cost is likely to be from £1 5s. to 
£1 10s. per day except in the case of the twelve-day trip to the 
West Highlands and Islands of Scotland, where it is expected that 
the cost may be £2 per day. AH communications relating to the 
Congress should be addressed to the General Secretaries, Inter¬ 
national Geological Congress, Geological Museum, London, S.W.7. 

The establishment of an International standard of concert pitch 
was discussed at a conference held under the auspices of the Inter¬ 
national Standards Association at Broadcasting House on May 11 
and 12. Dr. G. W. C. Kaye presided over the meeting, which was 
attended by delegates from France, Germany, Great Britain, 
Holland and Italy. It was resolved that the international standard 
should be based on a frequency of 440 cycles per second for A in 
the treble clef. This is the standard generally adopted in the 
United States and does not differ greatly from the 439 used by 
British piano makers and, since 1927, by British Army bands. 

in a letter to Nahtr$ (May 27) A. J. Turner of the Shirley Insti¬ 
tute gave a sim|Je nile for osculating an approximate value of the 
relative humidity of the atmosphere from readings of ventilated 
wet and dry bulb hygrometers. Expressed as a fraction the relative 
humidity is 1—3 (wet bulb depression)/(dry bulb reading) when 
temperatures are expressed in Fahrenheit degrees. The formula 
csan be appited to readings in Centigrade degrees by merely adding 
18°C. to the dry bulb reading in the denominator of the ratio. 
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The rule breaks down if the relative humidity is less than 0-3 ; 
above that value and for dry bulb readings between 20° and 140° S’, 
the maximum error is ± 4; per cent. Between 60 per cent, and 
90 per cent, relative humidity and 40°—120° F. the rule gives values 
about 2 per cent, higher than those deduced from the standard 
tables. 

The summary of the Report of the Building Research Board 
for the year 1938 which has been sent to us is not a very informative 
document. Among other items there is reference to considerable 
progress of the investigations concerned with sound transmission 
in buildings : a statement that satisfactory pozzolanas (substances 
mixed with Portland cement to make it chemically resistant) can 
now be made in this country from certain clays and from spent 
material from the Scottish shale-oil industry : a report of further 
success with the fine spray process for cleaning buildings with 
reference to certain disadvantages—^water on the pavement, possible 
damage to internal decorations and the need for scaffolding instead 
of cradles ; and a brief account of tests of rain penetration through 
brickwork. Many other matters are mentioned in the summary 
and presumably full details are given in the Report, which may be 
obtained from H.M. Stationery Office, Bs. Qd. net. 

The Report of the Board of Education for 1938 states, inter alia, 
that the number of pupils in State-aided secondary schools was 
470,003, an increase of nearly 4000 as compared with the previous 
year. 81-3 per cent, of the new entrants came from elementary 
schools and 67'4 per cent, of these were given free tuition. Of the 
pupils leaving 6-2 per cent, went to the Universities, 4-6 per cent, 
to training departments, and 11-7 per cent, entered other educational 
establishments. 68-7 per cent, left for some form of employment, 
professional or commercial occupations absorbing the majority. 
No fewer than 437 of the 798 open scholarships awarded at Oxford 
and Cambridge were won by pupils from these schools and a majority 
of whom had started in elementary schools. The number of com¬ 
petitors for State scholarships was 6246 and 360 scholarships were 
awarded. Seventy per cent, of the successful candidates choose 
to study at Oxford or Cambridge, 18 per cent, at London, and the 
remainder at other Universities. As compared with 1926 the 
Oxford and Cambridge percentage increased by 12 at the expense 
of the “ other ” Universities. It is doubtful whether this concen¬ 
tration of what should be the best of the secondary sohocd 
in the two older Universities is advantageous ; fr veakaag 
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other Universities and probably benefits the older ones very little, 
.since they are amply provided with funds for attracting students 
of adequate ability. It does not appear, however, that the Board 
is in any way concerned over the matter. 

Leaflet No. 6 in the series issued by the Department of Scientific 
and Industrial Research on methods for the detection of toxic gases 
in industry deals with carbon bisulphide vapour (published by 
H.M. Stationery Office, 3d. net). The situations where this vapour 
may occur in dangerous concentrations include works where 
artificial silk (viscose), chemicals, coal gas, vulcanized and “ dipped ” 
rubber goods, and tar distillation products are manufactured. 

In high concentrations it may cause delirium, coma, and death 
from respiratory failure. The better-known effects, however, are 
those of a severe chronic poisoning of the nervous system with a 
great variety of symptoms, varsdng in degree from slight fatigue 
and giddiness to serious mental derangement, blindness, and 
paralysis. The permissible concentration of carbon bisulphide 
vapour in the atmosphere of workrooms should be kept well below 
one part in 30,000 of air, and preferably not above one part in 
100 , 000 . 

The standard method adopted for the detection of low concen¬ 
trations of carbon bisulphide vapour in industry depends upon its 
interaction with diethylamine and copper acetate, to produce a 
coloured compound, copper diethyldithiocarbamate. Samples of 
the air under test are drawn, by means of a handpump of definite 
oapadty, through a bubbler of alcohol containing these reagents 
and the colour developed compared with those obtained by adding 
small quantities of the reagents to dilute alcoholic solutions of 
carbon bisulphide of known strength. Concentrations down to 
1 part in 120,000 can be estimated by the test. 

; Several papers in recent numbers of the Journal of Research 
of the U,S. National Bureau of Standards are of general interest. 
The April number contained a paper on the International Tem¬ 
perature Scale, by H. T. Wenzel. It is concerned mainly with 
the i^ues of the factors required to calculate the constant c» in 
Planck’s radlaiaon formula. The more recent and accurate 
determination of th^ factors are reviewed and it is concluded 
that tte following values axe the best available at present:— 
V^dity of light, c, (2*99776 i 0*00020) x 10^® cm. sec."^; ice 
pmnt, To> 273*16 ± 0*02® K; gas constant, R, (8*3142 ± 0*0010) 
X 10^erg. deg."*C.mole""Boltzmann’s constant,/!!,(1*378±0*002) 
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X 10~“ erg. deg.“^ 0.; Faraday, F, 96490 abs. coul. inole"^ or 
(2-8926 ± 0-0002) X lO^** e.s.u. mole“i; e (4-800 ± 0-004) x 10“^® 
e.s.u. ; Planck’s constant, h, (6-61 0-01) x 10“®’ erg. sec. 

The corresponding value of Cj is 1-436 ± 0-001 cm. deg. C. and not 
1-432, the value taken for the calculation of temperatures above the 
gold point on the International scale. The difference is not unim¬ 
portant since a change of 1 per cent, in the value of changes 
calculated temperatures in the neighbourhood of the melting point 
of platinum by 10° C. and those near the melting point of tungsten 
by 60° C. 

The May number contains an account of Curtis, Curtis and 
Critchfield’s latest determination of the value of the international 
ampere. The result, 1 int. ampere = 0-99986 abs. ampere, is in 
excellent agreement with that obtained by Vigoureux at the National 
Physical Laboratory. There is also an account of the construction 
and testing of standard resistance coils wound with wire made of 
gold alloyed with 2-1 per cent, of chromium. These coils appear 
to be stable and by suitable heat treatment the temperatxire co¬ 
efficient of their resistance over the range 18° to 36° C. can be made 
as small as is desired. A third paper, by Coblentz and Stair, 
contains an account of the distribution of ozone in the upper 
atmosphere as determined by six ascents of unmanned balloons 
carrying ultraviolet-intensity meters and radio-operated baro¬ 
meters. The intensity meter employed was a cadmium photo¬ 
electric cell coupled with a radio-transmitter so that both ultra¬ 
violet intensity and barometric pressure were recorded graphically 
at the ground station. The results indicated that the main portion 
of the ozone is situated between the 20 and 30 km. levels with a 
region of maximum concentration between 23 and 27 km. The 
total amount present is equivalent to a layer 2-5 mm. thick at 
atmospheric pressure and of this about 0-9 mm. exists at heights 
above 27 km. The maximum altitude attained by the balloons 
was 26-5 km. (88,200 ft.), and at this level the intensity of the ultra¬ 
violet radiation below 3132A was about ten times as great as indirect 
sunlight at sea-level. 

The June number of the Journal contained a paper by Scott and 
Gurtis concerned with edge corrections in the determination of 
dielectric constants with parallel plate condensers. Theoretical and 
empirical formulae are discussed and details of experimental tests 
given. It is concluded that the most accurate method for the 
determination of dielectric constants, apart from the guard-ring 
meiffiod, is that using one sheet of dielectric and having one tlte ; 
parallel plate electrodes appreciably smaller than the oth®. 
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of the accuracy with this arrangement is due to the fact that the 
electrodes do not need accurate centring. 

Special Report No. 6, issued by the Forest Products Research 
Laboratory (H.M. Stationery Office, 9(f. net), deals with the effects 
of growth and structure on the properties of wood. It has usually 
been supposed that growth-rate, the proportion of summerwood in 
the growth-rings and specific gravity are the chief factors which 
determine the strength of timbers, but studies of typical hardwoods 
have shown that in some cases the physico-chemical composition of 
the fibre-walls may have a greater influence on strength than all 
the other factors put together. 

Up to the present it has not been possible to define the variations 
in cell-wall composition in either chemical or physical terms, but 
they are distinctly recognisable by means of the standard histological 
reagents of the botanist, and some indications have been obtained 
of the types of growth condition responsible for them. It has been 
found, for instance, that the condition of the cell wall that makes for 
a high resistance to longitudinal compression is dependent on 
climate and that on the whole tropical timbers are stronger in this 
respect than temperate timbers. Resistance to shock appears to 
behave in the reverse manner, the temperate zone timbers being 
tougher than tropical timbers, weight for weight. The composition 
of the wood substance is also influenced by quite small deviations 
of the tree from the vertical. In sloping trees there are important 
differences in strength, shrinkage, and machining properties between 
the wood from the upper and lower sides, and these differences 
have been traced to the composition of the fibre walls. 
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MATHEMATICS 

The Geometry of Determinantal Eoci. By T. 0. Room, M.A, [Pp. 

xsviii 4-483,] (Cambridge : at the University Press, 1938. 42a.net.) 
Those who have long awaited Prof. Room’s compendious work will not be 
disappointed. Wo have here just the full account of this important branch 
of geometry which was hoped for. It is dry and often heavy reading ; but 
that seems to be inevitable, and it is as well relieved as possible by numerous 
examples applying the general results to familiar loci of fairly low order and 
dimensions. 

The topic of loci whose equations can be expressed by the vanishing of all 
minors of a certain order in a certain matrix might seem to the uninitiated 
too specialised to be of general interest; but when it is realised that this class 
includes almost all loci about which anything particular and elementary is 
known, impatience vanishes. The determinantal form is directly related to 
a projective generation analogous to that of a conic by two related pencils, 
and it is from this point of view that Prof. Room mainly treats the subject, 
though liberal use is made of algebra where it shortens or clarifies the 
argument. 

The work is in three nearly equal parts : the first gives the general theory; 
the second applies it to various loci of interest, such as the Grassmannians 
of lines, the generalisations of the Veronese surface, and some loci generated 
by linear series on elliptic curves ; and the third deals with determinantal 
quartics and the Bordisa surface in four dimensions. 

The author’s notation is elaborate and consistent throughout the book, 
as may be exemplified by the presence of four differently indicated summation 
conventions. He still uses the curious notation of reversed brackets )lik 0 
this( to indicate stars ; it does not seem quite so confusing as it did in some 
of his earlier papers, whether because I am used to it or because ho uses it 
more discreetly, but it is still tiresome not to know at once, when one sees a 
bracket, whether to look before or behind for its follow. 

The printing seems excellent; I have only found one misprint—an 
interchange of suffixes on p. 173. Two pages of index seem a little meagre 
in a work whose main value will probably be for reference. 

Patbiok: Bu Val. 

Introduction to Bessel Functions. By F. Bowman, M.A., M.So. Tech. 
[Pp. X + 135, with 21 figures.] (London: Longmans, Green & Co., 
1938. 105, 6d. net.) 

This book should be of considerable use both to the engineer or physicist 
who is concerned with applications of Bessel functions and to the mathe¬ 
matical student as an introduction to the more advanced theory. 

367 
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The treatment is clear and simple throughout and with the possible 
exception of the chapter on the asymptotic expansions of the functions of 
zero order, which requires some acquaintance with the methods of contour 
integration, the book should be well within the grasp of the reader whoso 
mathematics has reached the subsidiary standard. 

The first four chapters are devoted to the properties of the ordinary and 
modified Bessel functions of zero order as far as the Fourier-Bossel expansion, 
and applications to some physical problems are fully worked out. 

Asymptotic expansions of these functions are obtained in the next chapter 
, and the last two are concerned with the properties of J„(a5) and applications 
to some well-known probleros. 

The examples given at the end of most sections are a valuable addition 
to the text and there is a table of values of Jo(ic) and Ji(£r) at unit intervals 
from a? = 0 to sc = 14, and of the first five roots of J„(£c) for integral values 
of n up to n ~ 6, TAW 


Advanced Mathematics for Engineers- By H. W. Rebdick and 
F. H. Miller. [Pp. x -j- 473, with 130 figures.] (New York : John 
Whey <& Sons, Inc.; London : Chapman & Hall, Ltd., 1938. 20«. net.) 

The authors have constructed this book from courses they have given at the 
Cooper Union Institute of Technology ; it is meant for engineers who have 
mastered the usual calculus course. The first half deals with ordinary and 
partial differential equations. The methods of solution are clearly explained 
and illustrated in detail by applications drawn equally from’ the four main 
branches of engineering. There are plenty of exercises, with answers, for 
the reader, Fourier series, elliptic, gamma, and Bessel functions are made 
part of an evolving technique for the solution of differential equations, and 
the authors have done wisely to relate their treatment intimately to certain 
specific engineering problems. A chapter on vector calculus (theorems of 
Stokes, Gauss, Green) is followed by an introduction to functions of a complex 
variable including Cauchy^ integral theorem and the Schwarz-Christojffel 
transformation. The theory is applied to engineering problems such as 
equipotentials in a conducting sheet and, on the other hand, to evaluating 
real integrals by the method of residues. It is again used in an interesting 
chapter on Heaviside’s operational methods and Bromwich’s account of them 
by means of contour integrals. 

The authors do not shrink from discussing topics like uniform convergence, 
but they are tactful in not burdening the engineer with excessive mathematical 
rigour. Where the matter is really deep they enunciate precise general 
theorems and indicate sources of proof. In one or two such places errors 
have crept in; but the general impression is one of care, accuracy, and 
Iwidity. ^ ^ 


Elementary Mathematical Statistics. By William Dowell Baten, 
Fh.D, [Pp. X + 338, with 49 figures.] (New York : John Wiley 
Sojis, Inc.; London : Chapman <fc Hall, Ltd., 1938. ISs, net.) 

This book covers the groundwork of mathematical statistics in a compre- 
hea^ye manner.. The first five chapters are devoted to introducing the 
better-known descriptive statistics. The remainder of the book contains 
Elementary probability, theory and sampling theory, correlation analysis 
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and an introduction to the use of the analysis of variance, together with 
chapters on index nximbers and on the analysis of time-serios. 

A \iseful collection of tables is given, including a reproduction of the 
tables of significance levels for variance ratios from Snodocor’s Analysis of 
Variance. 

The author’s aim, as stated in the preface, is to develop the subject with¬ 
out employing the differential and integral calculus. In this he succeeds, 
albeit at the cost of cumbrous methods on occasion. A peculiar feature of 
the book is that, although elementary tests of significance are introduced, 
no mention is made of the f^st in any connection whatever. One would 
have expected some consideration of both from the instructional and 
historical viewpoints. 

A minor flaw is a certain inconsistency of notation. In Chapters 1 to 13 
X represents a deviation from a mean, while in Chapter 14 it represents a mean. 

There is an ample supply of illustrative problems to be worked by the 
student. In addition, the text is fully illustrated by worked examples. 
Although there are occasional lapses from clarity of expression, each section 
of the subject considered is treated thoroughly. On balance it may be said 
that this book is a reasonably straightforward introduction to mathematical 
statistics, but that its usefulness to readers in England will probably be 
limited. 

N*. L. J. 

ASTRONOMY 

Stellar Dynamics. By W. M. Smabt, M.A., D.Sc. [Pp. viii + 434, 
with 75 figures.] (Cambridge ; at the University Press, 1938. 30a. net.) 
As stated on the cover, Prof. Smart’s book is essentially mathematical in 
character, and indeed the author has achieved a very full and lucid account 
of the various mathematical aspects of the dynamics of stellar systems. 
For people commencing research in this domain tho book will be invaluable, 
and will save a lot of reference to the original papers, but anyone meeting the 
subject for tho first time will probably find the main ideas somewhat obscured 
by the mass of rathor technical mathematics. In his Stellar Movements and 
the Structure of the Universe, Eddington says ; “At first sight it might seem 
possible to divide tho subject into compartments . . , but it is not possible 
to pursue those different branches of inquiry indepondontly. . . . Wo have 
therefore adopted the unusual course of placing what may bo regarded as a 
summary thus early in tho book.” No doubt Prof. Smart is writing for 
readers who already have such a summary in their minds, but as his book 
will rank as a standard treatise on the subject it is perhaps to be regretted 
that ho has not included some non-mathomatioal discussions of the main 
assumptions and ideas involved in tho various chapters. 

The first part of the book is devoted to a very full discussion of the 
phenomenon of star streaming and the various methods employed are amply 
discussed and illustrated. Next come the ways of deriving parallaxes and 
space distribution from the observed proper motions. The latter half of the 
book deals with general stellar systems—general statistical theorems, clusters 
and galactic problems. The chapters on Galactic Rotation and Dynamics 
are particularly stimulating, but one cannot help feeling that the models of 
the Galaxy which can be discussed mathematically may be very difierent 
from the actual state of affairs. A very useful feature of the whole bo<^ is 

BB 
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the numerous references to the original papers, which will certainly make it 
an invaluable source book for those interested in the problems of stellar 
dynamics. ^ jj 

PHYSICS 

The Principles of Statistical Mechauaics. By K. C. T 0 X 4 MAK* The 
International Series of Monographs on Physios. [Pp* xix -h 660.] 
(Oxford: at the Clarendon Press; London : Humphrey Milford, 
1938, 405. net.) 

This book aims at providing an exposition of the principles of statistical 
mechanics without discussing detailed applications to physical phenomena. 
The method used is the deductive one, starting with certain clearly defined 
postulates from which a detailed theory is developed. A posteriori justifica¬ 
tion is provided by the agreement with observation of the deductions from 
this theory. It is a particular merit of the book that the postulatory basis 
is most clearly specified, and although, in accordance with the author’s 
scheme, no attempt is made to justify the postulates with logical rigour, the 
plausibility of the assumptions made is discussed in detail. 

The text is in three main divisions. In the first part (Chapters II~VI) 
the classical treatment is developed. The necessary generalised dynamics is 
introduced in Chapter II and the fundamental postulates admirably discussed 
in terms of Liouville’s Theorem in Chapter III. Chapter IV provides a 
treatment of systems in equilibrium by the method of the microcanonical 
ensemble, while in the next two chapters a very thorough discussion of the 
change of systems with time, leading to Boltzmann’s H-theorem, is given. 
The second part (Chapters VII-XII) is a corresponding quantal development. 
Chapters VII and VIII deal with quantum mechanics and are well worth 
reading apaxt from any application to statistical mechanics. Chapter IX is 
concerned with the quantinn analogue of Liouville’s theorem and the classical 
postulates leading, in the next chapter, to the treatment of systems in equili¬ 
brium. The treatm^t of systems var 3 ;^g with the time given in Chapters 
XI and Xli is most satisfactory and j^ls a serious gap in literature in this 
direction. In the final part (Chapters XIII and XIV) the correlation between 
statistical mechanioa and thermodynamics is examined in detail from a point 
of view closely resembling that of Gibbs but adapted to a quantal outlook. 

Apart from its importance in providing the first systematic exposition 
of statistical mechanics from the standpoint of Gibbs, this book can be 
thoroughly reooimnended to all mathematical physicists as it is a mine of 
information on all aspects of the subject and, while following one particular 
mode of approach, never fails to discuss the relation to other methods, 

H, S. W. M, 

Tlieoretical Mechanics : A Vectorial Treatment. By Cabl Jbn- 
3SDB1SS Coe, Ph.D. [Pp, xiv -f 65fi, with 102 figures.] (New York: 
The Macmillan Company, 1938. $6.00.) 

Bubing recent years there has been an ever-increasing use of vectors in the 
jB^esentation of more than one branch of appHed mathematics. Consequently 
teachers of mechanics who have -vrohed to introduce vectors at the commence¬ 
ment of their courses have been faced with a very real difdculty in the matter 
of a suitable text-book. They have been unable to recoixunend to their 
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classes a book from which “ the student loarns the vector analysis almost 
incidentally in the study of mechanics and loarns it well because he not only 
studies it directly but continues to use it thereafter,” to quote from the 
preface to Prof. Coe’s Theoretical Mechanics. This book is cortainly one wo 
can recommend for this purpose. 

After two chapters dealing with the elementary principles of mechanics 
and one-dimensional problems, the author introduces the vector analysis and 
afterwards uses it throughout. Ho deals with particle and rigid body 
djmamics and statics, including an interesting chapter on Virtual Work. 
A chapter on the General Principles of Mechanics takes the student as far as 
Legrange’s and Hamilton’s Equations and the principle of Least Action* 
The remaining chapters of the book are concerned with an introduction to 
the vector calculus and its use in Potential Theory. A useful selection of 
examples concludes each chapter. 

Prof. Coe defines a vector quantity as being characterised by tliree ordered 
numbers and not from the viewpoint of a directed segment. Consequently 
co-ordinates are used when a strictly vector or geometrical treatment might 
have been preferable. For example, a vigorous vector proof of the expansion 
of a triple vector product would have been most instructive to the student. 
But this and a few similar points are minor criticisms which in no way detract 
from our opinion that this book should find a place in the library of every 
applied mathematician. 

R. C. K. 


Grimsehls Lehrbucli der Physik. Band I: Mechanik—^Warme- 
lehre—^Akustik. Neubearbeitet von Professor Dr. R. Tomasohbk. 
Tenth edition. [Pp. viii -h 681, with 740 figures.] (Leipzig and 
Berlin; B. G. Teubner, 1938. IPrice abroad RM. 14.86.) 

In reviewing a book of this nature the reviewer’s primary duty is clearly to 
indicate its standard, which is approximately that of an Intermediate text¬ 
book with special emphasis placed upon certain aspects of applied physics, 
although in some particulars the standard approaches more closely to the first- 
year B.Sc. course in an English university. For example, much attention is 
paid to the motion of bodies through fiuids, the physics of streamlining ” 
and of aeroplane and glider flight. Further, the distinction between group 
velocity and wav© velocity, which is usually omitted from our intermediate 
courses, is clearly elaborated in this book, and, incidentally, is excellently 
explained with the help of a very instructive diagram. 

The whole of the subject-matter is set forth in a clear and readable manner, 
the important features being most carefully stressed and lavishly illustrated 
with photographs and figures. Indeed, one can honestly say that every 
teacher of Higher School Certificate or intermediate physios will find some¬ 
thing to arouse his interest in this volume, and as an aid to the study of 
scientific German it should bo most valuable. 

In the back of the book is inserted an interesting folder giving data of 
the lives of distinguished scientific personalities from Leonardo da Vinci to 
Hasen6hrl. Two notable omissions would appear to be Madame Curie and 
Lord Rutherford ; for, surely, the discoverer of radium and the discoverer of 
the laws of radioactivity and of artificial disintegration should be honoured in 
our generation. 


L. F. B. 
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Theoretical Hydrodynamics. By L. M. MrLisns -Thomson, M.A., 
F.E.S.E. [Pp. xxiv -J- 662, with 4 plates and 330 diagrams.] 
(London ; Macmillan & Co., Ltd., 1938. 31«. 6d. not.) 

In this book Mr. Milno-Thomson has devoted hib attention mainly to giving 
an account of the mathematical theory of the motion of mviacM lluids. 
Chapters I and III are concomed with the general pro])ortios of in viscid ilow, 
Chapters IV, VI-XIV deal with two-dimensional probh'ins including two- 
dimensional flow past aerofoil shapes, the drag arising from the Ktmntin 
vortex street, and wave motion. Chapter XV is dovot/cd to thm^ditnonsional 
problems in which there is axial symmetry, and Chapter XVI is concenw'd 
with the general motion of spheres and ollipsoids. In CJiapter XV fl a 
definition of vector differentiation is formulated and applied to KirchliofC’s 
equations. Vortox motion is considered in Chapter XVIIT, which contains 
a very brief account of tho motion of an aerofoil of finite S])an. 

Tho author emphasises his consistent use of tho vector notation. The 
application of vector analysis to hydrodynamics is (k'volopod ah initio in 
Chapter II. Whilst in many places this notation combiners conciH('iu>s8 with 
clarity, difficulties arise unless ono is prepared to continue and intro<Iiico 
tensor notation for such purposes as tlio analysis of tho rate of strain. Un¬ 
fortunately the author has not permitted himself this (extension. 

Mr. Milne-Thomson says that ho attempted to keep tho book reasonably 
self-contained. With this ond in view in addition to tho introductory chapi/or 
on vector analysis, Chapter V is devoted to introducing complc^x variable 
theory, as far as it concerns hydrodynamics, from first principles. 

The last chapter—^XIX—^is devoted to a study of tho effects of viscosity 
on fluid motion. 

Any criticism that is made must bo concomed largely with material 
omitted. Considerable progress has been made in recent years on problems 
of viscous motion and some more detailed treatment miglxt well have come 
within the scope of a work on theoretical hydrodyamios. Probloma connected 
with turbulent flow and with the effects of compressibility on high-speed flow 
arc not discussed. 

Tho text is written with great care and is illustrated by many good and 
clear diagrams. 

Advanced Experiments in Practical Physics, fiy J. E. C^ALTinior, 
M.A., M.So. [Pp. XX -H 121, with 2 iflatos and 170 figitros.J (London : 
William Hoinemann, Ltd., 1938. 8a. 6d.) 

This book provides a selection of forty-eight oxporimentH in advanec'd 
physios suitable for students in their final year who are pn^paring for an 
Honours Degree. In his introduction tho author gives useful advice on the 
simple personal equipment which every student of advanced physics should 
possess, and emphasises the need for acquiring skill in laboratory arts such as 
soldering and glass-blowing. His remarks on the recording and treatment of 
experimental data and the need for attention to tho imits and dimoneions of 
the result might, with advantage, be displayed on the notice-board of every 
physical laboratory. Brief but clear instructions are coupled with a generous 
supply of explanatory diagrams and only essential theory is given. Many of 
the exercises provide excellent illustrations of the value of graphical treatment. 

The experiments are grouped in three sections ; Properties of Matter and 
Heat; Light; Electricity. It is to be regretted that tho author has not 
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included one or more experiments on Sound, a subject which often receives 
scant attention in the advanced laboratory. In view of its importance in 
modem applied physios an experiment on the measurement of sound intensity 
would have been a valuable addition. 

Section I includes exercises on the elasticity of solids, the viscosity of 
liquids, the vacuxun pump, surface-tension, specific heat, thermal conductivity 
and emissivity. The experiment on the estimation of the temperature of a 
bimsen flame is a useful application of the reversal of the D lines of sodium. 
In Section II interferometry is treated at considerable length. The instructive 
experiments with a Fabry and Perot 4talon are carried out with an instrument 
which the student can make for himself from two good glass flats. The 
Michelson interferometer is used to measure the separation of the D lines of 
sodium, but few laboratories are fortimate enough to possess this costly 
instrument. An exercise on the photography of spectra with a spectrograph 
of small dispersion is added, together with an explanation of the method of 
calculating the wave-length of unknown lines. 

In Section III a balance has been preserved between cleissical experiments 
and those based on modem electron developments. The measurement of 
critical potentials together with some applications of the valve and photo¬ 
electric cell are described. 

Radio-activity is somewhat incompletely represented by experiments on 
p and y rays only. A number of experiments with the X-ray spectrometer 
and the cathode ray oscillograph complete a valuable course of practical 
work which can be warmly recommended to both students and teachers. 

H. B. K. 


A Text-book of Thermodynamics. By P. E, Hoare, Ph.D., M.Sc., 
A.R.C.S., D.I.C. Second edition. [Pp. xii 4- 307, with 49 figures.] 
(London; Edward Arnold & Co., 1938. 15a. net.) 

This, to all intents and purposes, is the same book as that which first appeared 
in 1931, the textual additions and alterations being few* A definitely new 
feature is the introduction of some 23 pages of examples, arranged in groups 
corresponding to the subject-matter of each chapter. A useful appendix 
gives the values of certain of the fundamental physical constants. The book 
in the main covers the Thermodynamics of an Honours Degree in Physics. 
It is particularly valuable for the discussions of the principal applications of 
Thermodynamics to Physical and Physico-chemical problems. The collection 
of examples, many with hints for solution, will be of great assistance to all 
students and help to give reality to a branch of Physics which, to many, is 
full of subtleties. The printing and general lay-out of the book are excellent. 

S. Marsh. 

Principles of Electricity and Electromagnetism. By Gaylobd P. 
Harkweix. International Series in Physics. [Pp. xiv 4 - 619, with 
383 figures.] (New York and London; McGraw-Hill Publishing 
Co., Ltd., 1938. 30^. net.) 

The radio-engineer will find here all that he requires in the principles of 
electricity, and the treatment is sufiftciently thorough for a student of physics 
to obtain a good knowledge of the subject. The mathematical appendhr , 
the necessary treatment of elementary differential equations and of 
analysis together with a section on units and standards. As the , 

saysi emphasis is placed on the e^^rimental aspect rather 
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theoretical,” It is chiefly with modem experimental work that the book is 
concerned, particularly with oscillations and the transmission and reception of 
waves* 

It is reasonable that in a book written primarily for studexats in the U.S,A., 
the references given should be chiefly to American sources. It might, how¬ 
ever, be noted that the falling-drop method of measuring the electronic 
charge was not entirely due to Millikan, but that it grew out of the work of 
C. T. R* Wilson. Similarly, that the bridge method of comparing a capacity 
with a resistance was due to Maxwell. 

The system of units adopted is the kilogram-meter-second system, but 
occasionally the ordinary electrostatic and electromagnetic units appear, and 
when this is the case it is indicated fairly clearly. 

Among the important features of the book are the treatment of electro¬ 
magnetic theory with its application to various forms of vacuum tubes and 
valves with their use in radio-circuits and an extensive selection of problems 
given at the end of each chapter. 

The student of physios will find the treatment of such subjects as electro¬ 
lysis, thermo-electricity, etc., rather meagre ; in fact, these two, together with 
photo-electric effects, are all included in one chapter of about 30 pages. 

S. G. S. 

Physics for Technical Students ; Sound, Electricity and Mag¬ 
netism, Light. By William Ballantynb Atoebson, Ph.D. Third 
edition. [Pp. x + 436, with 308 figures, including one plate.] (New 
York and London : McGraw-Hill Publishing Co., Ltd., 1937, 165. net.) 

Pbof. Andbeson’s book, of which the volume under review is the second 
part, is a survey of intermediate physios rather than a text-book. As the 
title indicates, more applications are described than usual, but the technical 
student will hot receive the thorough grounding in the fundamentals of 
physios he really requires before he can apply the subject. To give but one 
oxamj^e^ there is no mention of the potentiometer. However, it is stated 
in the preface that this book is designed to be accompanied by lectures as 
well as laboratory work. 

The first 47 pages deal briefly with sound, especially in relation to music. 
(According to Chapter XXV, Kundt’s tube is a musical instrument 1) The 
treatment of magnetism is superficial; for example, no method of measxiring 
the horiimntal component of the earth’s field is given, and there is a danger 
that a student reading the last two sentences of Chapter XXVII will be loft 
with the impression that there is really a bar magnet at the earth’s centre. 
Among the good points of the electricity section are the interesting doscrip- 
tiems of a telephone system, dynamos, etc., and the introduction of alternating 
current methods at appropriate places. 

The treabnent of mirrors and lenses is based on the wave or curvature ” 
methbd, and the emphasis is on physical optics throughout the section on 
light. The “incident light positive” sign convention is used. Finally, 
there am short chapters on radioactivity, “ recent physics,” and radio, much 
of which intermediate students will find interesting but difficult. At the end 
bf each chapter there is a review of vital facts and a collection of short examples 
(ho answers) which appear to have been carefully chosen. The mathematics 
^ nowherb beyond matri(mlari^^ standard, and most of the text is very 
<^-i^riy worded. A few minor errors still remain in this edition. 
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Ultrasonics. By Dr. Lttdwig Bergivianit. Translated by Dr. H. 
Stafford Hatfield. [Pp. x -f 264, with 148 figures.] (London: 
G. Boll & Sons, Ltd., 1938. 16^. net.) 

The rapid progress in the science and technical applications of sound is 
nowhere more manifest than in that branch known as supersonics, or 
ultrasonics. The range of frequencies included in the term ultrasonics may 
be regarded as extending from, say, 10,000 cycles per second to the highest 
conceivable values. At present the upper limit of frequency lies in the region 
between one and ten million c.p.s., but in view of recent progress in the study 
of molecular phenomena by this means it will not be very surprising to see 
still higher frequencies used m the near future. 

During recent years, the number of published papers has increased enor¬ 
mously as a result of a world-wide interest in the subject. Apart from a few 
text-books giving very brief summaries, there are few, if any, reliable books of 
reference in which the scattered literature has been collected together and 
presented in a logical sequence. This situation was remedied by the publica¬ 
tion of Dr. Bergmann’s book first in German in 1937 and now in an English 
translation. For the latter we are indebted to Dr. H. Stafford Hatfield. As 
an illustration of the rate of development of the subject an appendix to the 
book contains a list of about a hundred references to papers published during 
the interval between the appearance of the German and English editions, 
i.e. between July 1937 and Jime 1938. The original German edition, and 
now the translation, contains in addition to this a list of about 600 references. 
The subject is treated mainly from the experimental point of view, but the 
theoretical side is by no means neglected. The book is divided into sections 
which deal with (1) the generation of ultrasonics—^mechanical, thermal, 
magnetostriction and piezo-electric methods ; (2) detection and measurement 
—mechanical, thermal, electrical and optical; (3) measurement of velocity 
and absorption of sand in liquids and gases ; (4) velocity in solids—elastic 
constants and (5) applications. 

The sections dealing with optical methods of observation by striation and 
diffraction methods are particularly good and include the author’s own 
researches on the subject. In the section on applications, reference is made 
to the Langevin piezo-electric oscillator for marine depth sounding but not to 
the British Admiralty magnetostriction type. The application of ultrasonics 
to television—^tbe basis of the “ Scophony system—^is an interesting example 
of recent technical progress. (This section is due to Dr. Hatfield, the trans¬ 
lator.) 

Dr. Bergmann’s book provides a very useful source of reference to a subject 
which is in a state of rapid growth. 

A. B. W. 

The Physical Properties of Colloidal Solutions. By E. F, Burton, 
B.A., Ph.D. Third edition, prepared with the assistance of May 
Annetts Smith, M.A., Ph.D. Monographs on Physios. [Pp. viii + 
236, with 36 figures.] (London, Kew York, Toronto: Longmans, 
Green & Co,, 1938. 16a. net.) 

Many books on colloidal solutions provide a wealth of facts and often a 
minimum of theory. In this volxmae the balance is revered. The principles 
of the subject find a prominent place, and the facts are chosen to illu^te^; v 
the application of the principles. While stress is laid on iAie phyidtoEft^ 
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properties of colloidal solutions^ this arrangement will give the student, for 
whom the book is mainly intended, a much better grasp of the subject. It 
also makes it easier for him, later on, to consult the larger works on colloidal 
chemistry. 

The book has undergone very extensive modification since the appearance 
of the second edition no less than seventeen years ago, but its general character 
remains unaltered. After a brief historical introduction and a summary of 
the various methods of making colloidal solutions, there is a short chapter 
discussing the part played by molecular forces in determining the stability 
of colloidal particles. The Brownian movement is next dealt with critically 
at great length—a most valuable feature of the book. Then follows an 
excellent chapter on the various methods of determining Avogadro’s number. 
The theory of the ultra-centrifuge is of course an entirely new part of the book. 
While realising the commendable purpose of the book a little more of this 
aspect of the subject would have been welcome. Electrokinetic phenomena 
and the associated effect of electrolytes on the precipitation of colloids 
complete the volume, which is eminently suitable for chemists, physicists and 
biologists, 

H. W. Melville. 

Ions, Electrons, and Ionising Radiations. By J. A. Ckowtheb, 
Sc.D., F.Inst.P. Seventh edition. [Pp. xii + 348, with 117 figures, 
including 7 plates.] (London ; Edward Arnold Sc Co., 1938. 12$, M, 

net.) 

Although the present edition of this very successful book is the seventh, a 
total of twelve editions and reprintings have appeared since the original 
publication of the book in 1919, so there can be no questioning its utility, 
^ecially to students of physics, to whom it is primarily addressed. 

Any book dealing with such a progressive subject is naturally boimd 
to undergo many changes in this period, especially when one considers the 
many researches and discoveries, experimental and theoretical, of the post 
twenty years, but as the author points out, the book’s purpose remains un¬ 
altered viz; to pmvide students with a systematic knowledge of the later 
developments in atomic physios, together with a substantial outline of the 
^present position of the subject, and to correlate its different branches. 

As in earlier editions, the mathematical treatment is simple enough for a 
second-year Honours man, but throughout Professor Crowther emphasises 
important phsrsical principles and does not distract attention from them by 
complicated mathematical analyses. Such a treatment should appeal to all. 
Tte descriptions of the earlier work stand as they were first written, but 
mmcar additions and alterations in parts bring the book up to date, while the 
lection on Cosmic Bays and the chapter on the Nucleus have been rewritten 
and n0eess6fcrily ^olarged. The difficulties associated with the presentation of 
important results and theories encountered in these branches are evident to 
all, but the author has made a wise and useful selection. 

The new edition, which will be welcomed with unreserved pleasure, is a 
pattern of compression, in fact, to survey such a wide subject in 360 pages so 
, Salisfectorily is a feat of which the author may well be proud. 

P.'H. NbWMAK. ■ 
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The Mobility of Positive Ions in Gases. By A. M. Tyndall, D.Sc., 
F.R.S. Cambridge Physical Tracts. [Pp. x + 93, with 35 figures.] 
(Cambridge : at the University Press, 1938. 6^. net.) 

This is far from being an exhaustive report of all work done on the subject, 
fortified, more teutonico by one page of bibliography to five of text; Instead 
it conforms admirably with the purpose of the new series of Cambridge 
Physical Tracts, which is to treat certain subjects from the personal points of 
view of those actively engaged in the researches. No subject could be better 
suited to this kind of treatment than the work on ion mobilities which Profi 
Tyndall has been carrying on at Bristol for the last fifteen years or so. 

After a brief introduction in which are disclosed some of the difficulties 
as to the actual constitution of ions in gases and the possible effects of 
impurities, Prof. Tyndall quickly introduces us to the methods devised by 
himself and his collaborators. These methods had for their objects in the 
main three purposes : first, to produce ions of which the constitution could 
not be doubtful; second, to drive these ions through pure gases; and third, to 
measure accurately the velocity of the ions by a method which could separate, 
if necessary, groups of ions lying closely together. A high measure of success 
has attended experiments made with ions of the alkali metals in the more 
inert gases, and the agreement with theory has been very encouraging. But 
many problems remain and the author is bound to confess that the precise 
nature and constitution of the ordinary small ion of the atmosphere is €18 yet 
obscure. J* JT N 

Atomic Structure. By Leonabd B. Lobb. [Pp. xvi + 446, with 111 
figures.] (London : Chapman <& Hall, Ltd., 1938. 22a. 6d. net.) 

There is need for a book which sets out the fundamentals of atomic structure 
without the detailed rigour of a standard work such as that of Sommerfeld, 
but Prof. Loeb has not met this need in an entirely satisfactory manner. 

If a book of this kind is to be at all complete, it cannot fail to take account 
of the wave mechanical treatment. It should not be impossible to introduce, 
in a simple manner, wave mechanical methods, which need not be abstra^jt, 
as the author suggests, and would certainly be less empirical than his approach. 
In an attempt to bring his treatment into alignment with modem ideas, the 
author introduces formulas from wave mechanics without apparent reason, 
and selection rules appear with scarcely more justification. The mathematics 
and the ideas required for such a method would be less difficult than those 
employed in the final chapter on the theory of metals. 

Apart from this general criticism, the book is very uneven in quality. 
Some parts are extraordinarily well written while others are disappointing. 
Information from various sources has, quite rightly, been used, but has not 
always been welded into a compact whole. There are several mistakes and 
a carelessness which often leads to confusion. Two examples must suffice. 
In a diagrammatic representation of the trace on the photograph film in 
Bucherer’s experiment, the trace is shown as extending throughout the whole 
360® for a fixed orientation of the fields. Secondly, in the treatment of the 
Bohr theory €tnd the vector model the notation used for the twenty-thr^ 
quantum number symbols introduced is inconsistent and conftising, and the 
same symbol, without ahy distinguishing suffix, is used to represent : 

quantities ; for instance, in related formuhe m is used to represent a ? 

number, a mass, and a inagnetio nKjme^ 
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In spite of the above criticisms there are parts of the book whore the 
exposition is exceedingly clear, and the historical perspective enhances the 
interest of the subject. W, E. B. 

Stream and Chaxmel Flow, By E. E. Moboan, M.C,, A,M,Inst,C,E. 
[Pp, xxii + 240, with 5 figures and 12 graphs.] (London : Chapman 
& HaU, Ltd., 1938. 265. net.) 

Tms is a series of tables conveniently set out for the rapid oaloulation of the 
dimensions of open channels to convey water. Based on the simple and 
reliable formula of Manning, values are given for channels of various shapes 
and for three different roughnesses well enough defined by the usual lists of the 
various types of construction, though by a curious omission some of these lists 
have been left in their original form and must undergo a tedious conversion 
before use with the tables. The estimation of run-off is briefly summarised. 
The important question whether the channels so designed will bo stable or 
not is cursorily dismissed in the last two pages of the volume. 

Some of the tables seem redundant; square roots, for example, are better 
found by slide-rule ; and one hardly needs a chart, and not too clear a one at 
that, to convert feet-per-second to feet-per-minute. Why must the compilers 
of such tables invest them with a false suggestion of accuracy by using 
redundant places of decimals: in some of the present ones there are six 
figures where it would be difficult to justify the use of more than two, and the 
remaining ones serve only to confuse and delay the user. Otherwise the tables 
are well set out and clear. But this is more than can be said for the graphs ; 
for example, that on p. 227 is so carelessly drawn that two errors are seen at 
the first glance; and the scales of all are reminiscent of ancient maps. 

In the many pages of explanatory matter much is quoted from earlier 
sources. Here, a little editing and collation would have helped the reader 
who, if unfamiliar mth the subject, is left without guidance as to how much is 
acceptable to-day, A chapter deals with recent research, but here the author 
is perhaps a little out of his depth, and fails to grasp the opportunity of showing 
how the work of the past ten years explains and co-ordinates the older matter. 
Still, it is for the tables and the lists of numerical data that the book will be 
bou^t, and an elaborate thumb index assists the reader to sort these from 
the rexnaming 160 pages. 

Mechanical Bng^eering Science: A Second Year Couree* By 
Abthob MoBnay, O.B.E,, B.So., M J.Mech.E., and EOwabd Htroiras, 
Ph*D., B.So., M.I.E.E, [Pp. xiv + 260, with 77 figures.] (London, 
New York, Toronto; Longmans, Green So Co., 1938. 45. 6d.) 
book, specially written for part-time students in their second year of the 
National Certificate Course, is a comprehensive treatise in mechanical engineer¬ 
ing scienoe. The subject-matter of each section has been carefully presented 
and thoroughly illustrated by a large number of representative examples. 

In the section on mechanics it is noted that the authors determine change 
of velocity by the vector subtraction method, whereas in Dr. Morley’s 
previous work the vector addition method was mostly employed at this 
stege. It is also noted that equation (3), p. 36, gives a well-known equation 
in a somewhat unusual form. It reads as foUows: 

i ^ W lb. force * , 

P ia pouBda X / 
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This equation is unusual because W denotes lb. force. No doubt the authors 
have good reasons for this change, but it would seem preferable to have 
written W lb. mass or W lb, weight. The yoimg student may be confused 
by the expression W lb. force in this equation. Furthermore, equation 
(4), p. 36, appears to contain a clerical error. It should read as under ; 

Pounds force Poimds mass. 

/ ft,/sec./sec. 32*2 

The chapters on elementary thermodynamics and heat engines are 
arranged to provide a version which is truly representative of modem condi¬ 
tions. The steam engine now takes its proper place as one of several equally 
important power-producing units. This is a good feature. Furthermore, 
the treatment of the internal combustion engine has been extended a little 
beyond the average requirements for second year. The ideal cycle, with 
combustion at constant volume as in gas and petrol engines, is an interesting 
and Tiseful extension, while in addition the authors have, frequently, used the 
kinetic theory of gases in explaining the various changes in the physical 
condition of the working fluid. 

There appears in this section on p. 168 an error: “ through a small 
fraction ” should read though . . 

This book will be welcomed by both teachers and students. 

W. A. M, 


Eng^eering Mechanics. By Sbxbert Faibmait and Chester S. 
Ctjtshaxl. [Pp. xii + 267, with 376 figures.] (New York; John 
Wiley & Sons, Inc.; London ; Chapman & Hall, Ltd., 1938. 135. 6d, 

net.) 

This should prove a valuable text-book for teaching purposes, and that is its 
avowed object. The ground covered is extensive, taking in all the -usual 
range of statics and dynamics, including the motion of rigid bodies. The 
treatment is nowhere exhaustive, but that was deliberate on the part of the 
authors, who -write, “ instead of planning a comprehensive treatise on the 
subject, the authors have attempted to plan a text-book which can be covered 
in the time usually allotted to the subject.” This they have done very well, 
but the book definitely wants a teacher to accompany it. The exposition is 
very clear, but necessarily brief, and all the fundamental material is there. 
The arrangement is good ; “all the necessary tools ” are presented “ at the 
beginning.” A valuable feature is the large collection of problems of a 
practical nature, both worked and unworked, and in the former case the 
solutions are set out very clearly. The make-up of the book is excellent, 

J. 0. 

Mechanics of Materials. By P. G, Lawson, M.S., and W, J, Cox, O.E. 
ppp. X + 408, with 467 figures.] (New York : John Wiley <fe Sons, 
Inc.; London; Chapman 8c Hall, Ltd., 1938, 185. 6d. net.) 

The general standard of this book may be described as somewhat higher than 
pass degree standard in this country. In addition to elementary theory, 
many aspects of practical design are considered, so that the work constitutes 
a combination of elementary strength of materials with elementary structural 
design. On this account the diagrams in the text and the examples have; a 
much more practical appearance than those in many simite books^ 
diagrams are always a help to the student in gmspir^ tvlmt ah 
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endeavouring to explain. With one or two exceptions, none of the theoretical 
treatment calls for extensive mathematical knowledge, never anything more 
advanced than the second order differential equation as used in the simple 
theory of deflections and struts. In this connection some of the work might 
have been made easier by more use of the method of superposition of loads. 
The treatment of failure under combined stresses might with advantage have 
been more extensive, and have included recent experimental results : three 
pages seems very inadequate for this important subject. In the same way 
one would have liked to find more about fatigue in a book of this practical 
nature, but it is good to see that the importance of stress concentrations is 
recognised. A valuable feature of the book is the collection of miscellaneous 
problems at the end, problems involving at once several of the theoretical 
principles which have been treated, so that the student must use some judg¬ 
ment and not merely substitute in a formula derived in the preceding 
paragraph. 

A very good book within the range aimed at. 

J. C. 

The Strength of Materials. By John Case, M.A. Third edition. 
[Pp. viii -f 602, with 427 figures.] (London : Edward Arnold & Co., 
1938. 30^. net.) 

Books on Elasticity fall generally into two simple classes—those that are 
too mathematical for the engineer and those that are of too engineering a 
flavour for the mathematician. To bridge this gap successfully is something 
of an achievement, for it implies that neither the engineering content nor the 
mathematical form must be saciiflced. The present volume by Mr. Case 
approaches as closely to this ideal as could be desired ; the fact that a third 
edition has now been produced is in itself a public recognition of its success. 
It has won its pl^e by sheer merit alone. 

This arises not merely because Mr. Cme is so obviously a painstaking 
teacher with a real appreciation of what is of mathematical and what of 
practksal importance, but also because his successive editions have always 
been brought right up to date as regards the most recent work on the subject. 
In this edition the author has seized the opportunity of rewriting the chapter 
on the failure of materials under steady compound stresses, to bring it com¬ 
pletely into line with the modem viewpoint. Underlying it all is a clear 
philosophic and soientiflo appreciation of how the general laws of physical 
change are manifested in the particular class of problem with which the author 
is concerned. To meet the needs of students at different stages, a programme 
of study for first and second year and for advanced students is outlined. 
The book contains about 400 examples distributed in representative fashion 
at the end of each of the 34 short chapters of the book, in addition to many 
worked out in detail in the text. A complete set of answers is provided. 
Attractively produced with a very full index and*427 diagrams, the book can 
be heartily recommended both on general scientific and on specialist grounds. 

H. Levy. 

Sxirveying and Field Work. By James Williamson, M.Inst.O.E. 
Second edition. fPp. xxvi + 611, with frontispiece, 6 plates and 316 
figures.] (London: Constable <& Co., Ltd., 1938. 20^. net.) 

The second edition of Williamson’s and Field WorHi is a sound, 

faractical book, clearly written and well illustrated. It has been brought 
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up to date by the inclusion of illustrated descriptions of the newer types of 
level and theodolite, but still retains particulars relating to the use and adjust¬ 
ment of the older forms, large numbers of which, of course, are still in use. 

In connection with the descriptions of siirveying apparatus, it may be 
remarked that chains of the ordinary type are provided with indicating tags 
at 10-foot or 10-link intervals only, and not at 5-unit intervals as shown in 
Figs. 9 and 10, and, so far as English practice is concerned, the Sopwith 
levelling staff has become completely standardised to the exclusion of other 
t 3 pes, whereas the notes in Chapter XII rather suggest that other forms are 
used as extensively as the Sopwith. This chapter would have been rendered 
more complete by the addition of an illustration of a modem Dumpy level— 
a type which is still preferred by many engineers and surveyors to an instm- 
ment of the tilting telescope pattern. 

In Chapter IX a great deal of space is devoted to detailed instructions for 
plotting traverses by protractor and by elementary trigonometrical methods, 
other than by co-ordinates, but in any traverse of importance the co-ordinate 
method is by far the most widely used and most suitable means of setting out 
the survey lines on paper. 

No less than four chapters are occupied by Tacheometry, including a full 
treatment of an ingenious simplified system introduced by the author of the 
book. This section is most useful, particularly as tacheometric methods do 
not appear to be adopted to the extent which they might be if their advantages 
were better understood. 

The setting out of circular curves is dealt with fully, but transition curves 
have received somewhat brief notice and there is opportunity for rather fuller 
development of this subject. 

There is little scope for criticism in this excellent text-book. It covers 
every phase of plane surveying from the general viewpoint of the civil engineer, 
without a bias in any specialised direction. 

B. G. M. 


Elements of Water Supply Engineering. By E. L. Waterman, C.E. 
Second edition. [Pp. xviii -f 329, with 82 figures including 1 folding 
plate.] (New York : John Wiley & Sons, Inc.; London: Chapman 
& Hall, Ltd., 1938. 17s. 6d. net.) 

In this volume the college student preparing for a career in Civil or Municipal 
Engineering is offered the elements of at least four subjects conveniently 
compressed into a single volume. Rainfall and Run-off, Groundwater, the 
Hydraulics of Pipe Lines and Networks, Contamination and Purification, 
Health Statistics, Collection and Storage, Pumping, Demand, and Finance 
are all there, each in skeleton of course, though not in disjointed bits but 
rather merged together to make another subject. Often the author condenses 
whole branches of learning into a page or so, complete in itself, for somehow 
he manages to do it without giving the impression that he is withholding 
information or that space does not permit ” ; and one feels that he is 
writing with the coxifidence of a wider knowledge than the syllabus requires, 
wide enough indeed to enable him to sift the elements from the surrounding 
litter of interesting but unessential matter. 

There are faults of course, and plenty of them; while in plao^, evm 
for a whole chapter the writing is fluent, elsewhere it deteriorates into those 
short sentences whose very clarity confuses and tires the resw^r by ted^nas 
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aad tumecessary repetition. Not every reader will have the patience to face 
the task, neglected by the author, of blending sentences together, and will 
give up the straggle or stiffer mental indigestion. Turning to technical 
matters, the main cause of water pollution, Bacillus Coli is repeatedly des¬ 
cribed as Bacterium Ooli, a classification imfamiliar to the English reader, 
but possibly the author has grounds for the change. A table of settling speeds 
for silica particles is given, p. 206, but the value for the coarser particles is 
two and a half times too great, an error which throws doubt on the author’s 
verification of bis numerical data. Again, in the section on pumps, although 
various types are described, the author makes no attempt to explain why one 
type is better suited for one purpose than another. 

Despite such faults the book has a certain appeal. It was written for 
students^—^for very junior students, one surmises. Some writers of text-books 
flatteringly assume that the reader’s knowledge equals theirs, but the present 
author makes no such mistake; after reading it, the dullest student could 
never feel that he had not been told what a pipe was for. For this reason 
it is hardly suitable for the ofiice bookshelf of the specialists whose work it 
concerns, though others whose work brings them in contact with such 
specialists might find it of value. That students do so is proved by the 
demand for a second edition. 

0. M. W. 


Electrical Engineering Practice. Vol. I- By J. W. Mearbs, C.I.E., 
F.E.A.S., M.Inst.C.E., M.I.E.E., and R. E. Nbalb, B.Sc. Hons., 
A.O.G.I., A.M.I.E.E. Fifth edition. [Pp. xii + 780, with 48 plates 
and 92 figures.] (London : Chapman & Hall, Ltd., 1938. 25s. net.) 

In this latest edition of a weU-established classic the material has been 
substantially revised and extended. The book is about one-third longer than 
it was previously. It th\is remains a record of recent practice in all branches 
of electrical engineering as well as allied subjects. 

This new edition retains the character of a book primarily designed for 
the use of overseas engineers. An engineer in the “ out-posts of empire ” 
must travel light ” both mentally and physically. His job demands that 
he stoll not overburden his mind with too much theory. He has to make 
many calculations but is not concerned with the derivation of the formulss 
which he uses. Nor has he room in his luggage for a great number of specialist 
text-books. He must be content to remain a Jaok-of-all-trades and master 
of none. He would be happiest if he could have recourse on all occasions to 
but one single book sure to find just what he needed therein. Of course^ that 
cannot be provided. But the book under review comes nearer to this ideal 
than one might have thought possible. Evidently the authors have given 
more care and anxious thought to the needs of their particular public than 
most authors of engineering text-books do. 

The nineteen Chapters cover a very wide range. Definitions, standard 
symbols and abbreviations are dealt with, so that a person whose scientific 
training has been quite elementary may obtain the necessary enlightenment, 
and the presentation should be helpful to an engineer who has to instruct 
untrained subordinates- The conscientious use of British and International 
symbols and nomenclature is to be welcomed. We have noticed only one 
lapse where capacity ’’ is used instead of capacitance.’* The properties of 
materials and measurements are dealt with just as the practical engineer will 
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require. The part dealing with generation gives quite rightly more space to 
the steam and hydraulic aspects of the subject than to the electrical aspects. 
After all, by far the greater amount of capital in generation is spent on non¬ 
electrical plant. This demands by far the greater amount of thought and is 
the more frequent source of trouble. Economics are dealt with rather briefly 
and the addition of guidance in the comparison of tenders might have been 
useful. The section concerned with transmission and control moludes the 
calculation of line regulation, mechanics of transmission hues, protection and 
switchgear. 

Thus the engineer who places his trust in this volume will find in it some¬ 
thing about nearly everything in which he is interested as an engineer. He 
will find all the most necessary formidae and some guidance as to their use. 
He will find tables taken from the I.E.B. Wiring Rules and similar publica¬ 
tions. He will find descriptions of most electrical and allied engineering plant 
and devices. He will find the advantages and disadvantages of this and that 
set forth clearly and with a proper sense of proportion. He will find arguments 
based on common sense. He will find many diagrams of connections of the 
internal parts of apparatus. At the end of each chapter he will find an 
extensive bibliography, and this will mention all the relevant British Standeird 
Specifications and reports of the British Electrical and Allied Industries 
Research Association. He will find no mathematics, no explanation of the 
formulae or the statements which are based on theory. He will find himself 
expected to take most things on trust, blindly. He will meet his first vector 
diagram on p. 261 in connection with the Varley test for phase rotation, and 
we feel sure that he will not understand it. But the test must be given, and 
though the diagram may mystify the type of engineer who will require this 
book, it may at least convince him that the test does work somehow by science 
and not by magic. 

In short, the book is neither an encyclopaedia nor a text-book, but a little 
of both and exactly what every practical engineer requires. 

R. O. K. 


CHEMISTRY 


A Textbook of Inorganic Chemistry for Colleges. By James F. 
Nobbis and Ralph C. Yotmo. Second edition. [Pp. x 4- 803, with 
33 figures, including 1 plate.] (New York and London : McGraw-Hill 
Publishing Co., Ltd., 1938. 21a. net.) 


Pbop. Nobbis is not alone in holding the view that “ the average student 
finds it difficult to understand the apparently simple concepts of Chemistry,” 
His object in writing this book was to present elementary chemistry in a 
form which the private student could easUy follow with the iiunimum help 
from a teacher. It was therefore necessary to develop the subject slowly, 
with frequent repetitions of fundamental principles, and consequently the 
book contains a more leisurely approach than is usual in text-books of this 
kind. ‘ 


The second edition has been almost completely rewritteix with the help 
of Prof, Ralph C. Young of the Massachusetts Institute of Technology, and 
although modem theories have been introduced at an early stage, so that they 
may be used as soon as possible, care has been takaa to present only 
■paxts which are necessary to interpret cheroiced facts, and which may I 
mately be considered part of an elementary course. Short accounts ^ 
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more recently discovered elements and newer technical processes have also 
been included, and the resulting text-book is one which may be recommended 
with confidence to the beginner, especially if he has to depend upon private 
reading. One important and welcome feature is a comprehensive list of 
246 references to text-books, monographs and original articles covering the 
whole held of inorganic and technical chemistry. These are classified under 
subject headings, so that a student seeking additional information can obtain 
it immediately and without further search. 

J. N. S. 

An Inorganic Cheiaaistry. By H. G. Denham, M.A., D.Sc., Ph.D. 
Third edition. [Pp. viii + 693, with 149 figures.] (London : Edward 
Arnold & Co., 1939. 125. 6d. not.) 

Prof. Denham’s Inorganic Chemistry first appeared in 1921. It was soundly 
based upon the Periodic Table and the fullest possible use was made of the 
analogies presented by the various families of elements. The material was 
set out in a logical and natural sequence and the book was soon recognised 
as an admirable text-book for those working for the Inter-Science and similar 
examinations. 

The latest edition differs from the preceding one in the somewhat fuller 
treatment of strong electrolytes, the electronic theory of valency and the 
structure of matter. It is a moot point how soon a student should be 
introduced to the more modem developments of Chemistry, certainly not 
before he has obtained a thorough grounding in the fundamentals of the 
Science, nevertheless, one of inter-science standard ought to be familiar with 
the simpler electronic structural formulae. It is therefore to bo regretted that 
by postponing consideration of atomic structure to the last chapter of the 
book, Prof. Denham has been unable to make tise of these conceptions in the 
text* Had this been otherwise, some structural formulae would have dis¬ 
appeared and it woifid have been possible to include deuterium with hydrogen 
and give some account of its reactions, and of heavy water, which is not 
mentioned. 

The style of the book is very pleasing and errors are few, although the 
statement (p. 186) “ up to the present no oxides of bromine have been isolated ” 
is no longer true, and a purist would prefer that the Latin prefixes of number 
be used mth the word vedent (p. 87 and throughout), 

J. N. S. 

Second-Year CoUege Chiemistry, By WinucAM H. Chapin. Fourth 
edition, revised by William H. Chapin and Luke E. Steiner, [Pp. 
XV -f 407, with 43 figures.] (New York : John Wiley & Sons, Inc.; 
London; Chapman & Hall, Ltd., 1938. 9®. 6d. net.) 

Books which are written to fit a special curriculum can only rarely be grafted 
on to a course in a different institution, and when (as in this case) the book is 
really an introductory iareatise on theoretical and physical chemistry, a more 
descafiptive title would be an advantage. 

The second-year course for which the book has been written is that of 
Oberlm College, Ohio, and it does not differ appreciably from that in many 
colleges elsewhere. The historical method of treatment has been used 
Whenever possible, and this is to be cquomended, for although it is a little more 
to the student gains a solid background to his knowledge. 

!Oie most important changes made in the fourth edition are in the chapters 
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dealing with strong olootrolytes. X-rays and radio-activity, valency, and 
electro-chemistry, all of which have boon rovised and modernised. Tho 
treatment is clear and lucid and tho book may bo recommended to those 
seeking a text-book of approximately pass degree standard. 

J. N. S. 

The Elements of Chemistry. By William Foster. Tliird edition, 
second printing. [Pp. xx -f 706, with frontispiece, 1 coloured plate and 
225 figures.] (New York : D. van Nostrand Co., Inc. ; London : 
Chapman & Hall, Ltd., 1938. IO 5 . 6d. not.) 

This text-book is intended for those beginning the study of Chemistry and a 
previous knowledge of the science is not assumed. The author is firmly 
convinced of the value of chemistry as an intellectual training of the highest 
order, in addition to its general utility, and this point of view is maintained 
throughout. The treatment is nowhere very profound, but the elements of 
chemistry and many facts of industrial and domestic interest are stated in a 
plam and straightforward manner, and each chapter ends with a list of other 
works for reading and reference. 

Although written primarily for the use of American students the book 
would serve for the Inter B.So. or similar exammations, but tho standard sot 
by other works of a similar scope is very high, and in spite of the many 
pleasant features of the book it is imlikely to displace any of the well-established 
favourites. 

Bevision Notes in Inorganic Cliemistry to Higher School Cer¬ 
tificate. By E. P. Wilson, M.Sc., A.I.C. and F. W. Ambleb, 
M.Sc. [Pp. viii + 240, with 29 figures.] (London: William Heine- 
mann, Ltd., 1938. 45.) 

This book of revision notes will appeal to certain students, though the majority 
will wdsely use their own notes. Notes are given on each of the common 
elements and their compounds, arranged according to the Periodic groups. 
The book adequately fulfils its aim, but this aim should not be forgotten by 
the reader, who may bo tempted to substitute it for a larger and more com¬ 
prehensive text-book. Comparisons between elements and compounds are 
frequently given in tabular form, and will prove of considerable use to the 
student. Questions taken from the Higher Certificate papers of a number of 
examining bodies are appended to each chapter. 

The Essentials of Volumetric Analysis. By John Lambert, M.Sc., 
in conjunction with A. Holdbrnbss, M.Sc., and F, Sherwood Taylor, 
Ph.D., M.A., B.Sc. [Pp. viii -f 92, with 10 figures.] (London; 
William Heinemann, Ltd., 1938. 25. 6d.) 

Tms little book covers the Higher School Certificate syllabus in practical 
Chemistry. Fifty-two experiments are discussed, which is all that a candidate 
for this examination would need, but unfortunately the book contains several 
disappointing features. The calculations often fail to emphasise the simplicity 
of volumetric principles, the results of standardisations are too often expressed 
in grams per litre instead of normalities, and such practices a»s weighing out 
exact quantities of materials, making standard solutions exactly normal by 
diluting thorn in large measuring cylinders, and boiling solutions in graduated 
vessels ought not to be encouraged. 

00 
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Theoretical Qualitative Analysis. By J. H. Reedy. International 
Chemical Series. [Pp. ix -f 451, with 34 figures.] (New York and. 
London : McGraw-Hill Publishing Co., Ltd., 1938. 18^. net.) 

The title of this book is somewhat misleading as only a little more than one- 
third of the text is devoted to theoretical matter, the remainder which is 
labelled “Descriptive” being really a text-book of practical qualitative analysis. 

Part I deals with the usual subjects of theory of analysis clearly and 
comprehensively. Both the partial ionisation theory of Arrhenius and the 
complete ionisation theory of Debye are outlined without bias, so that the 
student may not be prejudiced in favour of either theory during his early 
studies, but for simplicity of treatment analytical problems have been dealt 
with from the point of view of incomplete ionisation. In Part II the reactions 
of the common anions and cations are set out in detail, those of the anions 
being discussed at much greater length than is usual in an elementary text¬ 
book. Equations are usually given in the ionic form and only skeleton 
separation tables included. The latter are very uninformative and although 
full instructions are given in the text, the student is unablo to see the separa¬ 
tion as a whole and this is a disadvantage. 

In spite of its size the author claims no more than that the book is a 
study book for the beginner and not a reference book for the analyst. Never¬ 
theless, the limited field of elementary qualitative analysis is covered in great 
detail. Like all the volumes in the International Chemical Series it is 
faultlessly produced, but the price will limit it to the reference shelf rather 
than permit its ownership by the average student. 

J. N. S. 

Modern Atomic Theory. By J. C. Speakman, M.So., Ph.D. [Pp. 
207, with 1 plate and 10 figures.] (London; Edward Arnold & Co., 
1938. 6s. net.) 

This book gives a clear and accurate statement of the basic facts and modem 
developments of atomic theory. The author has successfully combined the 
lo^<^l and historical aspects of the development of the subject, and has 
eliminated the artificial barrier between atomic physics and atomic chemistry. 
As a result his text is eminently suited to the requirements of university 
students of dther chemistry or physics. It supplies a soxmd backgroimd, 
upon which, it would be easy to build up a more detailed knowledge, and in 
this respect is suitable for the senior forms of schools. The treatment 
throughout is non-mathematical. 

The reader is introduced at once to the mass-energy conservation law 
which, although so fundamental in the discussion of atomic weights, is 
eustomanly brought in at a much later stage. The author then deals with 
the fundam^tal particles—^negative and positive electrons, protons, neutrons, 
and a-particles—and with the wave properties of matter. The remainder of 
the book follows conventional lines, atomic structure, isotopes, radioactivity 
and nuclear structure being di^ussed in turn- The treatment is critical, and 
<me is impressed throughout by the very careful explanations given, and also 
by tl^ empha^ which has been placed oh the experimental basis of modem 
theories. As in the case of the companion volume by the same author on 
Modern- Theortes of Valency^ the printing and binding of the book leave 
nqth^g to be desired- It has the further merit of being inexpensive, and can 
certainly be very strongly recommended, - ‘ r \i' ■'/ 
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Understanding tlie Atom. By J. Bowland, B.Sc. The New People’s 
Library, VoL XVII. [Pp. 95.] (London: Victor Gollahcz, Ltd., 
1938. Is. 6d* cloth; l5. paper.) 

There is a genuine need for books which will give the modern man some 
understanding of what scientists are doing, for there exists a wide circle of 
readers who really wish to loiow something about the main streams of scientific 
thought* It is most essential, however, that writers who set out to satisfy 
this thirst for scientific knowledge should realise the great responsibility 
which devolves upon them. They must bring to their task not only en¬ 
thusiasm and simplicity of writing but, above all, a profound knowledge of 
their subject. Then there emerge the joyful, popular books of science which 
are so successful. The author of the present volume is an enthusiast, but he 
woefully misleads. To cite but one example from his chapter entitled 
“ What is Valency ? ”—“ Chlorine, for instance, which has atomic number 17, 
and consequently seventeen electrons outside the nucleus, will have fomied 
two complete rings of eight, and will have one electron revolving outside these. 
It will therefore be able to give up this electron to another atom which lacks 
one, and will then form a compound which is very stable. Common salt is an 
example of this, where the chlorine atom has given its electron to a sodium 
atom. (Sodium has atomic number 23, and thus lacks one electron to make 
three complete rings of eight.) ’’ The author states on p. 73 : “ Someone 
once said that valency is a subject of which the schoolboy thinks he knows 
everything and the professor knows he knows nothing.” It is a very great 
pity that the writer did not heed his own warning, and it is a greater pity 
that the publishers did not submit this book to a referee before publication. 
It is definitely a volume which should never have been published, 

W. W. 


The Phase Rule and its Applications. By A. Tindlay. Revised 
with the assistance of A, N. Campbell. Eighth edition. [Pp. 
xvi + 327, with 163 figures, including 4 plates and 1 folding plate.] 
(London, New York, Toronto : Longmans, Green & Co,, 1938. 12s. 6d. 

net.) 

The eighth edition of this well-known and widely used book remains sub¬ 
stantially unaltered. A small amo\mt of the subject matter has been deleted 
and additions naade where necessary. The most important is the elimination 
of the last chapter on practical methods of determining the position of 
transition points. There is now, however, a short discussion of the use of 
X-ray technique for detecting phase changes. This section might have been 
made more comprehensive without going too far into the fundamental 
principles involved in interpretating the X-ray data. The more recent work 
on alloys is only mentioned on p. 142. Hero too an extension would have 
been welcome to most students. Another addition is a discussion of the 
very completely investigated binary system aniline—sulphur dioxide. 

The volume has been reproduced from the last edition by a photographic 
process. In the reviewer’s copy the printing tends to be uneven and some¬ 
times blurred, mth the result that a few of the characters in the figmes ' 
4i65cult to decipher. 
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Organic and Bio-Chemistry. By B. H. A. Plimmek, D.So* Sixth 
edition. [Pp, x -f 623, with 1 coloured plate and 69 figures.] 
(London, New York, Toronto ; Longmans, Green & Co,, 1938. 21$, 

net.) 

Exob 3 ?t insofar as it has been, in part, brought up to date, this now edition of 
Prof. Phmmer’s well-known text-book does not differ in scope or treatment 
from the last. It provides a complete course, theoretical and practical, in 
organic and biochemistry particularly for students of modicino. The treat¬ 
ment has, of necessity, had to be very condensed, and the author is remarkably 
successful in covering a large field and giving most of the essential information 
in a very lucid manner. Throughout more attention is given to compounds 
of biological importance than to purely synthetic products. 

The earlier part might, however, be improved by judicious modernisation. 
In view of the oft-heard complaint of the heavy nature of the medical cur¬ 
riculum all obsolete matter should be rigidly excluded, such as, for example, 
the preparation of methyl alcohol and acetic acid by wood distillation, of 
malic acid from natural sources and benzaldehyde from benzyl chloride. A 
number of other points also call for modification such as the Werner structure 
for urea with its quinque-covalent nitrogen, the preparation of glyoxal from 
acetaldehyde with nitric acid, the short accounts of the theory of colour 
and the process of dyeing and the statement anent the structures of silver and 
potassium cyanides. It may also bo remarked that the printing is not up to 
the publisher’s usual standard. 

Attention is directed to these minor blemishes because the greater part of 
the book is so good that it is a pity there are even these faults. 

0* L. B. 


Unit Processes in Organic Synthesis, P. H. Geoggiits, Editor-in- 
Chiefi Second edition, [Pp. xiii 769, with 149 figures.] (New 
York and London i McGraw-Hill Publishing Co., Ltd., 1938. 36^. not.) 

Thxs volume is essentially the same as the first edition (1934), but much more 
information has been added and in particular sections have been introduced 
explaining the theoretical basis of halogenation and hydrogenation reactions 
by means of thermodynamics.’^ Manufacturing chemists will find the more 
theoretical matter worth while reading, and academic chemists will realise 
the necessity of remembering, what is so apparent on glancing through this 
book, that the chemicals they use are always being made by new processes. 
The V€due of the book to technical chemists has been increased by the introduc¬ 
tion of several new flow sheets for important operations. 

The description of nitration follows normal lines, except that as mentioned 
ateeady the use of aliphatic hydrocarbons is discussed. The chapter on 
diazotisation and coupling ” is a considerable improvement on “ diazotisa- 
tionV in the first edition and is up to date. Thus we find mentioned 
Hodgson’s work on practical methods of diazotising and Conant’s work on the 
th^retical side of coupling and so on. 

: Halogenation becomes an interesting matter when it is dealt with as in 
Copter IV. The value of a knowledge of bond- and activation-energies is 
udtade clear. An unusual process is that for converting <^bon tetrachloride 
imtq jfifiuorodiclfio of antimony pentachloride tod 

hydro^n fiuonde; another is the converson of j^-methylpropene into its 
y-cHoroderivative* 
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A valuable account is given of the replacement of halogen atoms in a 
variety of compounds by the amino-group. Under this heading we find the 
preparation of morpholine and of ay-diamino-j^-hydroxypropane. The 
conversion of alcohols into amines by catalyst-assisted vapour-pha<se reactions 
is also mentioned. 

The chapter on hydrogenation is excellent and illustrates well the difference 
between this book, which is well thought out and many so-called technical 
books, which are mere compilations. A good account is given of the 
“ methanol ” synthesis. 

In the writer’s opinion this book should be in the library of every University 
and Technical College in which chemistry or engineering is taught. Its value 
to industrial chemists and engineers speaks for itself. The publishers are to 
be congratulated on the low cost of the book and the various collaborators of 
Mr. Groggios for the obvious interest with which they have written their 
sections. ^ Tuhnur. 


Systematic Qualitative Organic Analysis. ByH.MmniiETOisr, M.So. 

A.I.C. [Pp. viii + 279 pages, with 12 fi^gures,] (London : Edward 

Arnold <& Co., 1939. 85 . 6d. net.) 

KsABiiY four decades ago the first book (it was really a pamphlet) devoted 
entirely to the systematic identification of organic compounds made its 
appearance, and since then several such books have been published each in 
turn containing certain novel features provided by the great progress of 
organic chemistry duriag the twentieth century. The present volume brings 
this analytical branch of the subject right up to date, and not only contains 
the latest modem technique but is a personifi^cation almost of its author. 
Mr. Middleton has assembled some 600 separate compounds together with a 
considerable number of their metallic derivatives, and therefrom has built up 
simple schemes for their identification. The work itself bears the stamp of 
thoroughness, since the author not only himself prepared all the derivatives 
mentioned and determined their constants but also tested out his schemes on 
literally hundreds of students. Some verification of melting points has been 
sorely needed for a considerable time, since different values are only too 
frequently to be found in works of reference, and this personal determination 
of them by the author has rendered the science itself a great service. A 
very important economic point which has been kept in view throughout has 
been to choose only those derivatives whoso preparation entails relatively 
inexpensive reagents, and on this count alone the general use of the book 
should be considerably facilitated. 

An outstanding and unique feature of the author’s treatment is the time 
factor which has always been kept in mind, and minimtim times are given 
for a large number of reactions, The time required for the hydrolysis 
under specified conditions of about 100 esters is given, so that for examination 
requirements or for work during the brief practical periods available for 
evening students, suitable examples may be chosen from the lists. This 
feature should be invaluable to teachers as well as to students. 


While the book should receive a warm welcome from all students of ori^anio 
che3nistry in Universities and Technical Colleges, particular attention has 
been paid to the requirements of Pharmaeeutioal trainees, the ; 

permitting of the rapid identification of the majority of the 
compounds included in the Bntiah FharmaGopcdic^. ' 'W 
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Lial)oratory Manual of Organic C!hottiistry. By H* L. Fisher, Ph.D. 
Fourth edition. [Pp. xxiv -f 412, with 21 figures.] (New York ; 
John Wiley & Sons, Inc.; London : Chapman <& Hall, Ltd., 1938, 
13^, 6d. net.) 

It is not surprising that this book has reached its fourth edition : it is full of 
interesting and useful information, on wiring stoppers into flasks, loosening 
stopcocks (p. 7) and cutting Pyrox combustion tubing (p. 302). A novel 
xn.pt. apparatus is described (p. 27). 

Methods of preparation are brought up to date in this edition, c/. the use 
of aluminium i^opropylate in preparation of mothylphenyloarbinol (p. 199). 
The conversion of this into the plastic polystyrene is one of those departures 
from laboratory practice which arrest the attention and develop the interest 
of the student—an aim which although fundamental in teaching is in practice 
usually ignored. The polymerisation of isoprene to a synthetic rubber 
(p. 274) is of similar value. 

One quarter of the book is devoted to the macro methods of estimating 
C, H and N. We endorse the author’s remark (Preface, p. vi), “ In this day 
of micro and semi-micro methods the author will probably be criticised for not 
changing to these newer methods.” Semi-micro methods, especially for 
N estimation, are well within the scope of students. Further, the macro 
methods given seem to be umiocessarily elaborate, e,g. in the N estimation the 
evacuation apparatus is redundant if an adequate supply of air-free COg is 
available (g.-y., Tucker, The Analyst, 1939, 64, 410). 

On the other hand the details given in this analytical portion are most 
illuminating and helpful—^for students about to imdertake semi-micro analyses. 
The account of the introduction and preparation (p. 204) of CeOg as an 
oxidation catalyst is characteristically well done (c/. Ingram, J. Sog, Ohem. 
Ind., 1939, 68, 34T). 

One striking, and we think unfortunate, omission is of formulae. Text¬ 
books and references in the questions presumably give the student the 
required information if he takes the trouble to look it up —^he will certainly need 
to do so for the formula of 1; d-diphenylthiocarbaaione (p. 193)! The formula 
of Monastral Blue (p. 263) has been included, but is it worth while for the 
average student to try to remember it t 

S. Horwood Ttjoxer. 

The Chemical Analysis of Foods and Food Products. By Morris 
B. Jacobs, Ph. B. [Pp xxii + 637, with 60 flguros.] (New York; 
D. van Nostrand Oo., Ino,; London; Macmillan & Co., Ltd,, 1938. 
26^, net.) 

Tra pre^e of this book states that its objects are to present “ the salient 
l^cts of the chemical analysis of foods and food products and to include 
certa&i of the newer aspects of food analysis, such as the chemical assay of 
vitamius, the detection of improper, pasteurisation of milk, the homogenisa¬ 
tion of inflk, the detection of guim and methods for the detection of newer 
tjq)^ of sophistication in fooefe.” The “ salient facts ” are based to a large 
extent oh the methods of the Association of OMcial Agricultural Chemists of 
i, Aananoa, but considerable use is made of mcKiem European methods, particu¬ 
larly those of Great Britain. The descriptions are given in an essentially 
> i maxmer and one may assume that the techniques given are those in 

, idv^yday use in the Bureau of Food and Drugs, Department of Health, City 
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of New York, of which the author is the Chief Chemist. Although there are 
certain differences in detail from current practice in this coimtry, no criticism 
can be made against the choice of methods and the ground is substantially 
well covered. The “ newer aspects ” are collected from widely differing 
sources and include matter published within the last year. Practising 
chemists will be glad to find such information collected in one voliime. This 
applies particularly to the ten gums dealt with, the use of which as binders 
and fillers in certain types of foods has increased greatly in recent years. 

The volume covers a wide range of food products ; but it seems curious 
that cereals are dismissed in 14 lines plus a table of compositions, and that 
no reference is made to baking powders. With certain articles several pages 
are devoted to interpretation of analytical results. It is to be hoped that 
in any future edition this useful feature will be extended and applied to every 
article and product dealt with. 

Although bearing the imprint of an English Publisher, the book is written 
solely from an American standpoint. Nevertheless, it is to be recommended 
as an essential addition to the library of those engaged in the analysis of food 
products in all parts of the world. t -o xr 

J 9 Xv* • 


An Introduction to the Chemistry of Cellulose. By J. T, Marsh, 
M.Sc., F.I.C., F.T.I., and F. C. Wood, Ph.D., F.I.O., F.T.I. [Pp. 
xvi -f- 431, with 111 figures, including 18 plates.] (London : Chapman 
& Hall, Ltd., 1938. 21^. net.) 


This book covers more gromid than the modestly worded aims expressed by 
the authors in the Introduction might lead the prospective reader to suppose. 
It gives in condensed form, but -with all essential details and with numerous 
diagrams and a wealth of references to the literature, an accormt of the 
chemistry of cellulose and its practical applications in the textile industries. 
The time was opportune for the publication of such a volume. On the 
academic side, the structural investigations into the constitution of cellulose 
have reached a stage when there is general agreement concerning the main 
features of the molecular architecture, and although the time is probably 
still distant before the finer details will be known with full certainty, it is 
possible to make use of what is already substantiated concerning the behaviour 
of the long chains of glucose units to offer tentative explanations of the 
mysteries of the hydrocolluloses and oxycelluloses which are so important 
in technical practice. The constitution of cellulose is considered in Part V 
(pp. 346-405), which provides a valuable summary of the evidence derived 
from chemical transformations and from X-ray data. This section, althbugh 
placed at the end, is really fundamental to the whole book, and a reader who 
is not already acquainted with the work described in Part V will find the 
admirably written but unavoidably difficult chapters on the modified celluloses 
rather heavy going, unless he reverses the order of reading and takes Part V 
first. Part I, in which the authors give an account of the ocourrenoe and 
general properties of cellulose, also deserves special mention. This is illi©- 
trated by a series of beautifully reproduced photo-micrographs, and aeryes 
to emphasise the difficulty of defiifing exactly what is meant by the term 
cellulose-T-a difficulty which is too often overlooked with unfortunate 
The accoxmts of the theoretical side and the practical 
and up to date, as one a 

in the development of cellulose chemistry, and the bopk h 
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ill an ordered array a host of facts for which search would otherwise have 
to be made throxigh a widely scattered literature. It can be said without 
hesitation that for all engaged in work connected with cellulose, whether on 
the technical or purely scientific side, the authors have performed a most 
valuable service in writing this book. 

E. L. H. 

Die Chxomatographisclie Adsorptionsmethode. By Db. L. Zboh- 
MBiSTBB and Db. L. v. Cholnoky. Second edition. [Fp. xiii + 354, 
with 74 figures.] (Wien ; Julius Springer, 1938. BM. 19,80.) 

That the great possibilities of chromatic absorption are being increasingly 
realised is shown by the constantly increasing number of papers dealing with 
the subject, a circumstance which has necessitated the incorporation of no less 
than 200 new references since the appearance of the first edition a year and a 
half ago. Despite the constantly increasing scope of usefulness of the method 
comparatively little is known about the relation between absorbability and 
molecular configuration, but beginnings have been made in that direction 
and these are outlined in a chapter devoted to that purpose. In regard to 
the choice of adsorbent material, the peculiar fact has come to light that 
climatic conditions may have an influence on the activity of the adsorbent. 
Among the new fields in which the method has been employed with success 
may be mentioned inorganic substances, but no results of outstanding 
importance have yet been achieved in this field. A chapter is devoted to the 
application of chromatographic analysis of technical and commercial products 
and pharmaceutical preparations and drugs. The book should be consulted 
by aU who are in search of the latest information regarding the utility of the 
valuable method of separation of complex mixture into their constituents, 

P. H. 

Handbook of Chemical Microscopy- VoL I. By E. M. Chamot, B.S., 
Ph.D., and] C. W. Masoh, A.B., Ph.D, Second edition. [Pp. 
xvi + 478, with 165 figures.] (New York : John Wiley & Sons, Inc. ; 
London: Chapman <fc Hall, Ltd., 1938. 22^, 6d. net.) 

Thb second edition of this excellent treatise will be warmly welcomed by all 
who appreciate the value of microscopy in chemical practice. By the use of 
slightly smaller type and a longer line, room has been foimd for much now 
material wdth only a small increase in the number of pages. The arrangement 
is the same as in the first edition, except that the section on the determination 
of particle size, which has been much expanded, has been given a chapter to 
itself. Several other sections have been rewritten and expanded, notably 
those dealing with the study of crystals and cryptocrystalline aggregates, 
fibres, illumination, photomicrography, and preparation techniques. 
Throughout the hook the descriptions of methods and apparatus have been 
brought thoroughly up to date. 

The treatment is so comprehensive, that it may seem a little ungracious 
to call attention to omissions, but one cannot help wondering why there is no 
mention of the very useful quarter wave mica compensator, and no description 
of von Federov’s univemal stage. 

The following minor points call for mention; 

The sections dealing with the relation between the direction of propagation 
pf light and refractive indices in anisotropic crystals could he made much 
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clearer by the addition of simple diagrams showing the optic axes and the 
principal axes of the optical indicatrix. 

The statement on p. 292 that the extinction angle may vary with the 
direction of propagation, if the extinction is oblique, is misleading. It must 
vary. 

On p. 307 it is implied, incorrectly, that crystallographic axes are always 
axes of symmetry. On the same page, the paragraph on the relation between 
optical properties and molecular shape is rather misleading, since it takes no 
accoimt of the relative orientations of the molecules. 

•The production of the book maintains, and in some respects improves 
on, the high standard set by the first edition, and authors and publishers are 
to be congratulated on a most valuable addition to chemical literature, 

]Sr. H. H. 

Thorpe’s Dictionary of Applied Chemistry. Vol. II, By J. F. 
Thob-pb, D.Sc,, F.R.S., F.I.C., and M. A. Whiteley, 

O.B.E., D.Sc., F.I.C., assisted by eminent contributors. Fourth 
edition. [Pp. xxiv + 712, with illustrations.] (London : Longmans, 
Green & Co., 1938. 635. net.) 

In the second volume of this new edition of Thorpe’s well-known work the 
editors have, while keeping to the general policy outlined at the beginning of 
their task, tried tqmeet some of the criticisms made of the first volume, but 
in the Foreword they successfully rebut the accusation that organic chemistry 
bulks too large and that too much attention has been given to fundamental 
matters. 

The ariicles maintain the high standard of those in the first volume, as is 
only to be expected from the authority with which the various distinguished 
contributors write. There is, however, a rather serious lack of balance in the 
amount of space devoted to various topics which can, perhaps, best be brought 
out by comparing the twenty-two columns of the excellent article on synthetic 
camphor with the three columns on casein plastics and the one column on 
chalk, which, by the way, cites first among the uses of chalk “ as a writing 
material in form of white and coloured crayons I ” Again, in the articles on 
cereals, foxxrteen columns are devoted to naillet, twenty-nine to rice but 
only five to wheat. 

One wonders whether the editors considered the wisdom of devoting 
nearly a. quarter of this volume to an article on chemical analysis ; of necessity, 
such an article cannot be sufficiently detailed to enable a laboratory worker 
to carry out an analysis and surely in every library containing the present 
rather expensive work, standard books on analysis will be available. Exoltision 
of such articles might well reduce the total work by a volume, quite an im¬ 
portant consideration in view of the heavy ocwst of chemical books nowadays. 
In any case the illustrations in this article, especially those on pp. 542, 543, 
546, 618 and 624, are not worthy of reproduction. O. L. B. 

Industrial Chezr^try. ByW.T. Bead. Second edition. pPp.x + 605, 
with 115 figures.] (New York; John Wiley So Sons, Inc ,; London; 
Chapman & Hall, Ltd., 1938. 255. net.) 

The plan and arrangement of this book, which follow veryclcMsely^N^ c^;^";^ 
first edition, are designed presumably to give, the reader a 
chemistry as apphed to industry, and as such the woi^ is 
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useful to young chemists who intend to embark upon an indxistrial career or to 
anyone who seeks to obtain a superficial knowledge of the various branches of 
the industry to which reference is made. The method of treatment is definitely 
descriptive, rather than quantitative or critical, and in many cases only the 
barest outline of even widely used processes is given. Thus, less than eighteen 
pages are devoted to the chapter on Fixed Nitrogen (including by-product 
ammonium sulphate, Chile nitrate and retort nitric acid), and, in the chapter 
on Sulphur and Sulphuric Acid, the subject of sulphuric acid concentration is 
dismissed in thirteen lines. Admittedly, one does not look for process 
details in a single-volume work of this kind, and one realises that severe 
compression of information is inevitable, but the impression remains that a 
more appropriate balance could have been achieved in the presentation of the 
subject matter, and that the author might have gone considerably further 
towards acquainting his readers with the fact that the chemical industry is by 
no means confined to the American continent. 

The early chapters deal with general subjects, including chemical organisa¬ 
tions, sources of information, analytical control, chemical economics and 
materials of construction. The non-industrial reader will find some useful 
information in the chapter on Unit Operations and Equipment, which includes 
the handling of materials, heat generation and exchange, size reduction, 
mixing and agitation, mechanical separation, drying, evaporation, distillation 
and other typical plant operations. 

The illustrations are mostly in the form of line drawings, which are very 

clear and which add greatly to the value of the text. ^ 

® H. W. Crbmer. 

An Introduction to Metallurgy. By Joseph Newton*. [Pp. ix 4- 

637, with 159 figures.] (New York; John Wiley & Sons, Ino.; 

London: Chapman & Hall, Ltd., 1938. 205. net.) 

The author has aimed at producing a book which shall serve as an introduc- 
ticxn to the whole field of metallurgy and provide a basis for more advanced 
and specialised study. This end has been admirably achieved, and the book 
will prove of very great value to all students commencing a study of the sub¬ 
ject. The treatment falls under the main heads of Adaptive Metallurgy, the 
converting of metals to xiseful forms, and Extractive Metallurgy, the winning 
of metals from their ores. 

As examples of particularly successful sections special mention may bo 
made of Chapter XI and Chapter XII, accounts of chemical principles and 
fuels in relation to pyro-metallurgy, and the interesting introduction to the 
basis of payment for ores, etc., in Chapter XV. A very valuable feature of 
this book is the admirable exercises at the end of most chapters which compel 
the student to supplement for himself the information provided. The books 
listed for further reading are, however^ predominantly American and some¬ 
times not the best available. 

The illustrations are not always wisely chosen, and some are poorly 
reproduced; there are tables too which require further explanation. In a 
book of such wide scope it is inevitable that certain sections should be less 
satisfactory than others. Mention may be made of some of these short¬ 
comings. The chapter on heat treatment is inadequate, the ill\istrations of 
micro-structures of steels are not representative and are in part erroneous ; 
the Fe-^-U diagram should receive fuller consideration and the exposition of 
the application of the phase rule, always a diificult matter, is not sufficiently 
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clear. The section on corrosion is too brief and, in particular, mention should 
be made of the differential leration principle. The account of the laws of 
crushing is unsatisfactory, the limitations of their application not being 
pointed out. In the description of filtering no mention is made of filter 
presses, and in the section on refractories the important matter of firing 
receives scant attention. There are a number of misprints, mostly obvious, 
A second edition should be called for, and when that happens the various 
shortcomings indicated may easily bo remedied. A notable feature of the 
book is the admirable index. 

S, J. Kennett. 


Steel and Its Heat Treatment. Vol. I: Principles, Processes, 
Control. By D. K. Beixens and the Metallurgical Staff of the 
Battelle Memorial Institute. Fourth edition. pPp. xvi+445, with 208 
figures.] (New York : John Wiley & Sons, Inc.; London: Chapman 
& Hall, Ltd,, 1938. 22s. 6d. net.) 

Fob the fourth edition of this well-known work on Steel and its heat treatment 
the original author has taken no active part in the revision which has been 
imdertaken by the Metallurgical Staff of the Battelle Memorial Institute. 
With the exception of a chapter on nitriding, added in the 1935 printing, the 
book has not been materially revised since 1927, so that there has been a large 
amount of new information to be incorporated and this has resulted in the 
work now appearing in two volumes, the one under review dealing with the 
principles, processes and fundamentals of control which relate to the heat 
treatment of steels in general, leaving for VoL 11, published separately, a dis¬ 
cussion of the various engineering and special purpose steels. This Volume I 
undoubtedly follows the previous editions in serving as an effective link 
between theory and practice, because the sound and practical point of view 
adopted in emphasising the importance of the human element and in dealing 
with the various processes as a broad engineering problem has been main¬ 
tained. Special attention has been given to certain aspects of heat treatment 
in which major advances have been made during recent years, and these 
include the significance of grain size in steels and the development of methods 
for the regulation of this grain size, the use of controlled atmospheres in heat 
treatment furnaces in order to avoid scaling and deoarburisation, the develop¬ 
ment of low carbon steels of high yield strength and the specific effect of 
various alloying elements, the advantages of normalising instead of annealing 
steel castings, forced gas circulation for more uniform heating in tempering 
and similar operations and the use of copper as an alloying element with the 
precipitation-hardening heat treatment of the resulting steels. 

0. 0. B. 

Sampling and Analysis of Carbon and Alloy Steels. [Pp. 355, 
with 20 figures.] (New York: Reinhold Publishing Corporation; 
London : Chapman <& Hall, Ltd., 1938. 22^. 6d. net.) 

Tms book gives an account of the methods of the chemists of the subsidiaty 
companies of the United States Steel Corporation as revised to 1937 5 : it 
represents more than two years co-operative effort on the part of a seieotlen 
committee and replaces two former booklets dealing with tbo same 
The methods described for the most part are in firequent use in 
laboratories represented by the committee of sevmteen* ineludi^ 
ohiefehemists of the Corporation. * The details are 
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to those used by the companies as other methods are included especially from 
the publications of the American Chemical Society, the American Society for 
Testing Materials and the National Bureau of Standards. The importance 
of the means to be adopted for taking samples of materials during the course 
of manufacture and also of blooms, billets and finished products is made clear 
and the most suitable methods are described and illustrated. Besides the 
various methods for the determination of the commonly occurring elements 
in plain carbon and various simple and complex alloy steels, such matters as 
the determination of total aluminium, metallic aluminium and alumina, 
zirconium, columbixmi, tantalum, selenixim, boron, beryllium, antimony and 
cerium receive attention, and appendices are devoted to the methods for 
the determination of sulphur or sulphur plus carbon by combustion in oxygen, 
to a discussion of various methods for the determination of oxygen or oxygen, 
hydrogen and nitrogen in steel and to the preparation of pH ranges and 
colour changes of various organic chemical indicators. This book will prove 
most useful to all engaged in the routine analysis of all classes of steels, 
especially as a means of comparing the details of American and British 
practice, and will be particularly useful to analysts who occasionally have to 

determine the rarer constituents of special steels. n r\ n 

O. O. JtJ* 

Contributions to the Knowledge of the Chemical Composition of 
the Earth's Crust in the East Indian Archipelago. I. The 
Spectrographic Determination of the Elements according to 
Arc Methods in the Range 3600-5000A. II. On the Occur¬ 
rence of Rarer Elements in the Netherlands East Indies. 
ByD e. W. vak ToNOEBBir. [Pp. xii -f 181, with 14 figures.] (Amster¬ 
dam ; D. B. Centenos Uitgevers-Maatschappij, N.V., 1938; English 
Agents: H. K. Lewis & Co., Ltd., London, IIj. net. Part I, 
separately, 7e.) 

AiiTHOtoh: a large amount of work on the distribution of the rarer elements 
has been carried out in recent years, chiefly by Goldschmidt and his collabor¬ 
ators, no attempt has hitherto been made to determine by systematic investi¬ 
gation the extent to which they are present in a given restricted area of the 
earth’s crust. The present work represents a first step in this direction, the 
area in question being that of the Dutch East Indies. The method employed 
was a spectroscopic one, using a glass prism spectrograph, photographs being 
taken of the arc spectra of the elements over the range 3600 to 5000 A. 

Pull details are given in the first part of the book of tho apparatus and 
technique employed ; specially purified carbon rods were used as electrodes, 
and duplicate photographs were taken with and without tho addition of 
sodium carbonate to the material under examination. 

The results obtained from the examination of over 300 specimens of rooks 
from all parts of the Dutch East Indies are collected and tabulated in tho 
second section of the book. Owing to the fact that certain elements, such as 
B, Be, and As either do not yield lines, or only give unsuitable onos, in tho 
portion of the spectrum examined (3600-5000 A), the list given is necessarily 
incomplete; only 16 of the less common elements could, as a rule, be 
quantitatively determined, those being Sr, Ba, Sc, Y, La, Ce, Nd, Ti, 2fr, V, 
Or, Mn, Ni, Co, Ga, and Pb. In a few special instances the presence of other 
elements in abnormally large amounts has been demonstrated, a serpentine 
from Sumatra proved to contain 0*3 per cent, zinc oxide. 
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The book contains a considerable amount of useful and interesting data, 
but must be regarded in the light of a preliminary publication rather than 
as a detailed treatment of the subject, and it is to be hoped that the author 
will continue his work in this particular field. 

H. F. Habwood. 

CBexmcal Engineering Economics. By C. Tyleb. Second edition. 
[Pp, X -1- 241, with 37 figures,] (New York and London : McGraw- 
Hill Publishing Co., Ltd., 1938. 185. net.) 

The now preface calls attention to the fact that tremendous advances have 
occurred during the twelve years sinoe the first edition was published, e.^r. 
synthetic ammonia production has increased fifteen-fold, and rayon production 
five-fold. 

Much statistical matter has been eliminated in this edition and its place 
taken by additional chapters on Organisation, Research and Development, 
Sales Development, and Patents. The chapter on Research is particularly 
interesting and should provide many a research manager with ideas of 
organisation or arguments to submit to boards of directors for the increased 
utilisation of research facilities. 

Under the chapter entitled “ Project Analysis the author gives the 
sources of information commonly used in making market surveys and cost 
estimates, but these apply exclusively to the United States. The same 
criticism can be made to the chapter on Patents and the value of the book 
would have been much enhanced on this side of the Atlantic if the author had 
adopted an international point of view when he was writing them. 

Subjects such as foreign exchange, theory of money, the function of banks, 
financing of companies, horizontal and vertical integration of industry are 
omitted. Although it is not suggested that a book such as this should deal 
exhaustively with these subjects, surely any book on economics should 
consider briefiy the basic theory and facts of the science. 

The question of the ratio of capital to annual sales is dealt with inde¬ 
pendently on pp. 10 and 190 and is given as an average of about 1*8 for the 
whole chemical industry. The average is apt to be misleading, since two 
oases the reviewer has in mind give 40 and 0*4 respectively. It might have 
boon bettor if the author had analysed the point in more detail. 

The chapter on “ Unit Operation Costs,” which is retained from the 
previous edition, is most valuable and should be read by every chemical 
engineer, 

M. B. DoKAnn. 

Library Guide for the Cbemist. By Bybok A. SotmE, Sc.D. Inter¬ 
national Chemical Series, [Pp. xiii -f 302, with 4 figures.] (New 
York and London: McGraw-Hill Publishing Co., Ltd., 1938. 155* 
net.) 

This book, originally prepared for the use of students and graduates in 
Chemistry of the University of Michigan, is the outcome of the author’s 
contention that training in library technique is of value to scientiJfio workers^ 
particularly in the field of chemistry. It is intended to act as a ^de to the 
more important sources of chemical Hteopature available and to indicate the 
best methods of appro^h to them, ; ^ ^ ^ 

The author begins with a general of the arcsnigeis^^ 

library and the more usual aind ^ 
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on biography is followed by a history of the growth of periodicals, and useful 
information is given concerning the various abstract Journals published* 
The more important monographs, year-books, chemical dictionaries and 
encyclopaedias are then enumerated. The standard reference books and 
Journals on inorganic and organic chemistry are given, together with a useful 
guide to Beilstein’s Handbitch der organischen Ohemie, Similar sootions on 
analytical and physical chemistry follow. A comprehensive description of the 
patent literature of various countries, a section on United States Government 
publications, and finally a chapter containing general hints on the writing of 
reports, complete the contents. 

Some errors oectar here and there; e.g. the arrangement of “ Bulletin 
do la Soci6t4 Chimique de France,” given on p. 71, was changed in 1934 ; the 
inclusion of “ Physiological Abstracts ” in British Chemical Abstracts in 
January 1938, has not been noted ; the title of the Beports of the Progress 
of Applied Chemistry ” is incorrectly given (p. 78); and Sciekob Pbookess is 
included in the list of year-books (p. 83) instead of in the list of periodicals 
frequently publishing reviews (p. 78). 

Although naturally the tendency is to include American books in preference 
to those of other countries, the field of chemical literature has been very well 
covered and the book should be of value both to chemists and to librarians 
in special libraries containing chemical literature. ]y[ 

German Grammar for Chemists and Other Science Students. 
By Jomr T. Fotos and John L. Bray. [Pp. xxii 4* 323.] (Now 
York : John Wiley & Sons, Inc.; London: Chapman & Hall, Ltd., 
1938. 11^. net.) 

This is Volmne 1 of a four-volume series of German text-books for science 
students prepared Jointly by the School of Chemical Engineering and the 
Department Of Modem Languages at Purdue University. Volumes 2, 3 and 4 
are graded readers (Volume 3 has recently been reviewed in Scienoe 
P itooiEtESS), while Volume 1 contains the essentials of grammar and some 
reading exercises. It is obvious that a great deal of care has been taken in 
preparing the series. In one frequency count alone, more than 100,000 words 
of chemical literature were studied for vocabulary and grammatical con¬ 
structions, and the results are embodied in this volume, the first 1000 most 
frequently occumng words being starred and introduced as an integral part 
of the graded reading exercises. On the other hand, common words of 
ordinary conversational German hardly appear. To work through all four 
volumes would be a rather formidable task for a science student with an 
already overloaded syllabus, but Volume 1 contains all the necessary grammar 
and many reading exercises, and it may be recommended with confidence to 
all who wish to acquire a knowledge of “ Scientific German.” 

J. N. S. 

GEOLOGY 

CnitHne of mstorical Greology, By A. K. Weixs, D.Sc. [Pp. 
xiv + 266, with 2 plates and 99 figures.] (London; George Allen & 
Unwin, Ltd., 1938. 12a. 6d. net.) 

Weixs has written this book for the general reader and for the under¬ 
graduate with no geological bac^round. 

After a useful introduction, chapters on the Cambrian, Ordovician, 
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Silurian and the Building of tho Caledonides follow. Then comes a very 
short chapter on the Pre-Cambrian Bocks. The present reviewer has a 
prejudice, which others may share, in favour of beginning with the pre- 
Cambrian and passing upwards chronologically, or of beginning with the 
Pleistocene and working downwards, and is thus a little disconcerted, in 
spite of tho arguments in the text, to find tho pro-Cambrian placed between 
tho Lower and tho Upper Palseoasoic. 

After tho chapter on the pro-Cambrian the Upper Palaeozoic and later 
systems are dealt with chronologically, with a chapter on the Armorican 
Mountain Building between those describing the Carboniferous and Permain 
rooks. The treatment is interesting and adequate. 

In general the book’s weaknesses are in the parts referring to Scotland. 
Carboniferous rooks occur in the Pass of Brander and in Morven, both north 
of the Highland Boundary Fault (p. 87). Dr. Wells appears to accept Dr. 
Sherlock’s views on the I^'ew Bed Sandstone, as he has no reference to Permain 
sediments in Scotland. A protest must be made against “ Lock Tua ” 
(map, Fig. 82, p. 210). 

Principles and examples are happily blended throughout the book, so 
that tho student does get a picture of the testimony of the rocks. Another 
pleasing point is that the names of living investigators are included as well as 
those of tho great workers of tho past. 

The book has an attractive form and is well illustrated. It is a most 
useful addition to tho library of those for whom it is designed, for there is no 
similar work. It is not necessarily a simple task to write a simple book, nor to 
make stratigraphy interesting. Dr. Wells has had a largo degree of success in 
both tmdortakmgs, and his book will also be useful to the more advanced 


student. 


B. H. Bakbbtt. 


Geology for Bngineers. By Brigadieb-Genebal B. F. Sorsbib, C.B., 
C.S.I., C.I.E. [Pp. xxii -f 348, with 46 figures.] (London : G. Bell & 
Sons, Ltd., 1938. 12^. fid. net.) 

The first edition of this book appeared in 1910, and this revised edition of 
1938 refers to works on roadmaking written over thirty years ago, when the 
motor-car was a rarity. It is distressing to find that the majority of the« 
references mode are similarly out-of-date, and a grave omission is that no 
mention is made of stratigraphioal geology, not even a chronological table of 
the succession of the systems being given. 

The general plan of the book is commendable, but the absence of much 
information available during the past twenty years robs it of much of its 
usefulness to the enginoer. It purports to deal with dynamic and structural 
geology, minerals, rooks, field and applied geology, building stones, bricks, 
clays, limes and cements and plasters, roads and canals, rivers and coast 
erosion and land drainage, a wide field indeed. Of this field, $ pages are 
devoted to minerals, many of which are of no interest to the engineer, while 
it is annoying to find the same thing described again in different parts of the 
book (see “ aqueous rooks ” on pp* 29-21; and again on p. 48). The peto- 
logicai section has also run to seed, far too many uncommon rook^types 
included. There are too many wholesale quotations .firom other wtlt^ : 
Woe, unmasticated and undigested. Geological maps as such are 4 

aribed at ail, a grave bmimeh, since a whole ohap^ 

; WouM ■not.'be'too."mucfii'for. ^ w t.' ’ 
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The important question of the effect of surface topography on the slope 
of the water-table is not mentioned, while the treatment of the selection of 
dam sites is entirely inadequate. Again, chemical composition of granites 
is of no interest whatever to the engineer, while rooks such m basalts, 
seldom used for building stone, receive mention. Tho important sandstone 
class is dismissed in a more two pages, and limestone (om most important 
class of building stone) in one. There are 10 pages on lime, while Portland 
Cement is dismissed in two pages only, and gypsum plasters in loss tiian a 
page. Structural geology as affecting road location is scanty in tho extreme, 
and no mention of the important Pago Impact Tost is made in the testing of 
road aggregates, cementing value, of historical interest only now, being 
included. The statements made as to the use of “ granite ” in mad construc¬ 
tion are in the opinion of the reviewer most misleading, and the wholesale 
quotations made here from a work thirty-six years old are not helpful in the 
light of modem knowledge- 

No mention whatever is made of the work of tho Boad and Building 
Research Stations, and it is decidedly disappointing to have to record that, 
admirable as this volume may bo in its scope, it appears to have faikxl in its 
object by completely inadequate revision, when judged by the standards of 


to-day. 


B. H. Knxoht. 


Applied Geophysics in the Search for Minerals. By A. S. Eva, 
aB.B., M.A., D.So., F.R.S.C., F.R.S., and D. A. Kbys, M.A., Ph.D., 
F.B.S.O. Third edition. [Pp. xii + 316, with 112 figures.] (Cam¬ 
bridge ! at the University Press, 1938. 16«. net.) 

This is the third edition of a well-known text-book, but unfortunately the 
revision has been confined to minor alteratiojos of the 1932 edition, which was 
itself 03aly slightly modified from the first edition of 1928* As applied 
geophysics has been revolutionised since then, the book is given a rather 
quaint and archaic flavour, which is scarcely dispelled by a chapter on 
** recent advances.’^ The proportion of the 316 pages given to the various 
divisions of the subject is oxmous 5 for instance, 108 pages are devoted to 
electrical methods, and only 32 to seismology, of which only two are oonoemod 
with the reflexion method* As this latter method, in conjunction with the 
static gravimeter, which is not mentioned at all, has yielded by far the most 
spectacular successes of applied geophysics, so cursory a treatment is scarcely 
adequate. If some of the discussions of mdsoellaneous topics such as micro- 
palsaontology, searching for buried treasure and the history of tho divining 
rod were omitted, it would have been possible to find room for more relevant 
matter without mcreasing the size of the book. 

These criticisms, however, are concerned with omissions, which the student 
Can supply by reading elsewhere, and do not detract from what has always 
been the main value of the book, the careful and detailed description of elec¬ 
trical methods with the account of practical examples, many of them drawn 
from the experience of the authors and their students. 

E. 0* B. ' 

Field Xletermioation of Rocks. By E. H. Davisok, B.So., F.G.S, 
[Pp. TOi + 87» with 18' plates aad 4 figures.] (London: Chapman & 
PDEdli, Ltd., 1938. 7s. 6cZ. net.) 

hook ihay he regarded as the oompanion volume to the author’s Field 
Tea Jot Mimrala T&viewed in Soebnc® Pboobbss, XXXIII, No, 181, 1989, 
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599. Owing, perhaps, to the less definite field characters of rooks as compared 
with minerals, the book under review is not nearly as successful as the earlier 
volume. It aims at instructing the prospector and field geologist in the 
identification of rocks as seen in outcrops and hand specimens. The six 
chapters are headed : Hints on Field Work ; The Rook-forming Minerals ; 
Igneous Bocks in the Field ; Origin and Classification of Igneous Books ; 
The Secondary or Sedimentary Books ; Motamorphism. While the treatment 
is competent and workmanlike, its presentation is somewhat jejune and 
uninspired, 

A number of errors and questionable statements occur in the text, partly, 
perhaps, owing to the necessity for compression. For example, the statement 
that the solidifying temperature of acid magma is higher than that of basic 
magma (p. 32) requires revision in the light of recent work. The definition of 
** lopolith ’’ (p. 26) is in error as it implies that a lopolith is merely a synclinal 
phacolith. The definition of analcite-syenite as “ phenocrysts of anorthoolase 
and augite in a base of analoite ” (p. 43) is incorrect. Quartz-dolerite, a rock 
of world-wide distribution and abundant in this country, can hardly be called 
a rare typo (p. 49). And is there such a thiug as “ amorphous ” calcite 
(p* 4) ? Some of the photographic illustrations, e.gr. those of augite-syenite, 
gabbro, etc,, will convey little to the reader ; others are good. The book is 
bound ia flexible covers, but is somewhat too large for the ordinary pocket. 

G. W. T. 

Lexicon de StratigrapMe, Vol. I: Africa. Edited by S. H. Hatjgh- 
TON, D.Sc., F.G.S. [Pp. vi -j- 432.] (London: Thomas Murby 
Co., 1938. 315. 6d. net.) 

Thei Fifteenth International Geological Congress, which met in South Africa 
in 1929, set up an International Commission whose task it was to compile a 
lexicon of stratigraphy. The present volume, dealing with Africa, is the 
first fruits of its labours. The Commission decided to attempt to produce one 
volume, containing definitions of all unit stratigraphical names that have 
appeared in geological literature, for each continent. 

The definitions are arranged in alphabetical order, and each gives the 
original status of the term, any changes that have taken place in its meaning, 
the present-day usage, the geological relationships and geographical distribu¬ 
tion, a list of the chief fossils, and references to the most important literature. 
The items are published in the language, English, French or Italian, in which 
they wore submitted by Dr. Haughton’s collaborators. At the end of the 
book the items are again indexed under countries. 

Dr. Haughton and his co-workers are to be congratulated on the comple¬ 
tion of an arduous task in the compilation of this lexicon, which will prove of 
inestimable value to all engaged in the investigation of African stratigraphy. 

G. W. T. 

Fraotioal Oil Geology. By Dobsbt Haokb. Fifth edition, [Fp. 
xix Hh 466, with 204 figures,] York and London: MoGraw-’ 

Hill Publishing Co., Ltd,, 1938, 245. net.) ■ 

SoMB twelve years have passed since the publication of the fourih 
PracUoaL Oil Geology. In order to cover the new developments 
period, the work has been revised for the fifth edition and materWj4^^f : 
in particular, chapters on Geophy^ and Palseontblbgy 
more acceptable the result would have been if osnly more m 
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paid to quite general matters. Often there are evidences of a lack of clear 
thinking. The author in many instances fails to express himself clearly, 
and even if the aim is to cater for those who have no previous knowledge of 
geology, this is little excuse for inaccuracies or for glossing over, especially 
on points where the full story is not complex and can bo given quite briefly* 
It is irritating to be told the obvious and, indeed, to have it stressed, e.^;. that 
there are two hundred and fifty 2“5 •g- in- in one inch. Such instances are frequent 
and the space thus occupied could have boon bettor used. 

The book contains chapters on oil origin, composition and accumulation ; 
on stratigraphy, structiure, palaeontology, mapping and the location of wells ; 
on drilling and production ; and on natural gas, oil-shales, geological field 
methods, geophysics and the geologist’s work. There is an appendix of 
twenty-one tables covering a variety of subjects, from the producing forma¬ 
tions in a number of regions in the XJ.S.A., to casing weights and various 
equivalents, and there is also a selected bibliography. The object of the book 
is praiseworthy, namely, to bring a better understanding of geology and its 
importance to the oil industry to non-geologioal workers* Its framework is 
good and it contains useful information, but there is considerable need for 
judicioxis editing, and rewriting in many parts, before it can be recommended 
unreservedly to those for whom it was intended. 

G. D* Hobson. 


BOTANY 

An Introduction to Botany: with Special Reference to the 
Structure of the Flowering Plant, By H. PnncsTiiKY, D.S.O., 
B*Sc., F.L.S., and Lobna I. Scott, M.So. Illustrated by 
E* Mauns and Lobna L Scott. [Pp. x + 616, with 170 figures,] 
(London: Longmans, Green & Co., 1938. 175. 6d. net.) 

This text-book is an entirely new departure from the usual type of elementary 
work and it is clear, partly from the sub-title and partly from the preface, 
that this is the very definite purpose of the authors. They have not sought 
to give a general elementary account of the whole content of Botany, some 
branches of the subject Ecology, are no more than defined. Instead they 

have chosen out for treatment what they regard as fundamentals especially 
in relation to the structure of the flowering plant. In their preface they 
point out how difficult it is to give a connected story without dealing with 
matters that are controversial. They prefer to xusk this so long as the facts 
are correct. It would indeed seem that the book contains many of the 
results of very recent work and that not all of these have mot witli easy 
acceptance on the interpretative side. This approach must bes of interest 
and prove a stimulus to an advanced student but it is a matter of opinion as 
to whether it is the best method for an elementary one. 

In the chapter on the carbon atom it would seem that too much has heon 
attempted in the allotted space. The description of the daffodil suggests 
that the bulb is a sympodial structure, it is suggested that all Eanunoulaceous 
plants have their stamens arranged spirally and are all exotipulate. There 
are few slips of this nature, however, and the general get-up of this stimulating 
work is very good* The excellent illustrations deserve a special word of 
praise. 


E. M. 0. 
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An Introduction to Botany. By AaTHua W. IIaxjpt. McCraw-FrUl 
Publications in the Botanical Sciences. [Pp. xii -} 396, with frontis¬ 
piece and 278 figures.) (Now York and London: McGraw-Hill 
Publishing Co., Ltd., 1938. 18® not.) 

This book is a general text-book of mt(‘rn\ediat(' standard. Tho scope is 
thc^roforo well-defined and tho treatment of tho subji'cl liinitc'd to the gc'iH'ral 
aspects of morphology, anatomy and physiology, together with chapt<Ts on 
cacology, genetics, evolution and pala‘obotany. ''rh(*re are also s(‘ctions on 
tho systeinatics of tho lowc'r forms, as well as on t.ho tloweving plants. 

Tho clear and simple explanations of morphology and miat^omy arc aui[)ly 
sup])orted and claridod by very good illustrations, and tho author luus ha])pily 
choson for his examples plants most of which arc familiar to British stude^nts 
as well as to American. In only a few cases aro tho popidar names unfamiliar 
and unclarifiod by absonco of tho Latin terminology, although in at least ono 
case (speaking as an examiner) it would have boon more than a pleasure to 
havo seen an imfamiliar American counterpart of tho sadly overworked 
pin-eyed and tlirum-oyed primrose I A rofrosliing foaiuro of tho book is 
the abundance of clear habit-photographs to illustrate morphological and 
ecological points, as well as members of tho different systematic groups. 

Ono or two departures from common practice aro int(^resting. Tho author, 
for instance, deals with insectivorous plants in tho morphological section, 
and takes them in his stride. This, together with tho inclusion of tho 
Angiosporm parasites in tho section do voted to onvironmontal relations, 
avoids tho unduo emphasis often placed upon tho relatively small class of 
biological ciuriositios by grouping thorn togoihor in a si)ocial chapter. 

Tlio section on palccobotany is fuller, more interesting and hotter illustrated 
than in most books of this standard, and tho combining of pollination with 
floral evolution in ono chapter helps tho understanding of both. 

Finally, the pleasure of reading tliib text-book is in its absonco of text- 
bookishness. Thor6 is a fooling of easy continuity throughout, engonderod 
larg(3ly by tlio author’s inckloutal explanations of points as thoy crop up. 

h\ Y. H. 

Plant Physiology. By E. C, Millmb, Ph.D. Second edition. McGraw- 
Hill rublications in tlio Botanical Hciencos. |Vp. xxxii H- 1201, with 
39 figures.) (N(3w York and London: Mc(Jlraw-Hill Publisliing (Jo*, 
Ltd., 1938. 45tf. not.) 

CV)MrARKi) witli the first edition of this work, wliicli appeared in 1031, there 
is an apparent increase in Hubj<^ct matter of 300 f)ages, but actually tho 
('fT<^ctiv(^ enlargomcmt is greater, as by oxcluHion of tho ({uestions formerly 
included additional Hjiaco has become available. Tho <^xtont to whicli tlu> 
text has boon brought uj) to dalti can best bo gauged by tho fact, iiiut wo 
find roferonco to Virtanon’s work on tlio b(^noficial ojOTt^cts of Vitamin (/ when 
added to oulturiis of Peas (1930), to tho work of Jolmson on tho differential 
rosponso of various species to tho action of X-rays (1930), and oven to tho 
work of White published in 1938 on tho root pressure of oxcisod root tips. 

Although, however, tho title of tho work might well load ono to anticipate 
a comprohonsivo treatment of tho subject, there aro cortain aspects which are 
entirely neglected. Tho approach is indeed essentially metabolic, and this 
perhaps accounts for tho rogrottablo omission of any section treating of 
either gootropism or hoUotroriism, and only a very brief account of hydro- 
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tropism. So too •with regard to the more ecological aspects of plant physiology 
we find no recognition of that fundamental factor in the physiology of plants 
in nature, namely competition, an omission that is strikingly obvious in the 
section devoted to the extent of root growth. 

Not least of the merits of this work are the extensive bibliographies 
appended to each chapter, which in the aggregate must represent considerably 
over 4000 citations, and, even though the student woiild probably have 
welcomed a rather more eclectic treatment in the body of the text, this 
cannot fail to be a valuable aid to student and teacher oXike. 

E. J. Sausbury. 

A Laboratory Ouide for a Co'urse in General Botany. By Lbb 
Bokar, Lttcii*e BotrsH, and the late Bichard M. Holman, Fourth 
edition. [Pp. xviii + 110, with 1 figure.] (New York: John 
Wiley & Sons, Ino.; London : Chapman & Hall, Ltd., 1938. 65 . net.) 

This book, which has been compiled from duplicated laboratory work-sheets, 
is intended for use by very large classes of American elementary students, 
and is of a general standard somewhat above that required by medical 
students in this coimtry, but below that demanded by the usual syllabus 
for Intermediate B.Sc. It is frankly an adjunct to the two text-books of 
general botany by TTolToan and Bobbins well known in the TJrdted States. 

The first half of the book is devoted to a general elementary course in 
which there are sections covering the morphology, physiology and. anatomy 
of each part of the plant. Each section consists of an introduction, reading 
assignment, material for study, and directions for work, followed by a question¬ 
naire based partly upon the practical work of the section, but mainly upon 
the reading which has been done. The student is evidently fed on pretty 
strong meat right from the start, for after a little elementary cell anatomy 
and physiology he is asked (on p. 11) “ What is meant by a difierentially 
permeable membrane ? ’’ and “ Give an account of the changes which the 
nucleus undergoes during cell division.” 

It is difficult, of course, to compare standards, but judged by our ordinary 
intermediate courses the physiology and morphology are fairly well treated, 
but the anatomy falls a long way behind. There are also some curious and 
interesting differences from the -usual British practice in teaching technique. 
On the first day the student dissects soaked seeds, and then passes straight 
on to an examination of branches—^he does not touch seedlings until the 
very end of the course, and the last thing he does is to stain starch grains 
with iodine. Another feature which seems strange is the treatment of the 
woody stem before that of the herbaceous one, of which nothing is required 
of the student but a low-power regional diagram. 

The second part of the book is devoted to systematic work and is much 
more advanced in standard than the first. All the groups of plants are fully 
timted, -with the exception of the angiosperms, which are definitely relegated 
to field study. 

The guide has been drawn up for a one year’s course of 2J to 3 hours 
-weekly. Naturally with ^ch a course it is inevitable that the treatment 
ce^rtain parts of the subject ^ould be subordinated to that of others, 
the of wo:dk here Copied differs from that generally in use in 

is in short time spent in morphological and 

laeaamng aasid Ibe important place occupied by the examination of 




REVIEWS 


405 


a large number of types of the systematic groups, and while admitting that 
the exigencies of short-course teaching enforce curtailment of certain parts 
of the subject, the reviewer feels that on the whole the balance in this book 
leans rather heavily towards the systematic side, to the disadvantage of the 
training in general fundamentals. F Y H 


D. Darlington. 
at the University 


The Evolution of Genetic Systems. By C. 

[Pp. xii -f 149, with 26 figures.] (Cambridge ; 

Press, 1939. 10^. 6d. net.) 

It appears that in biology there are periods in which analytical work pre¬ 
dominates and synthesis is almost anathema; from time to time, synthetic 
thought comes into its own again. This is evidently happening with genetics 
and cytology at present. In the preface to the book under review, the author 
explains that he is attempting “ to show genetics as the study of systems of 
heredity and variation, systems which rest on a basis of the chromosomes 
and are related to one another by processes of natural selection. I believe 
that the combination of the material basis with the evolutionary framework 
provides the only means of making sense of biology as a whole.” 

An idea about the field covered may be gained from the chapter headings : 
Premises of Genetics ; The Substance of Heredity ; Serual Reproduction; 
Meiosis : Pairing and Crossing-over; Meiosis: The Process of Assortment; 
Change of Quantity ; Pol37ploidy; Change of Position; Hybrids : Diploid and 
Polyploid; Change of Proportion; The Atom of Genetics ; Chromosome 
Mechanics ; Genotypic Control; The Mechanism of Crossing-over; The 
Biology of Recombination; The Pursuit of Hybridity; The Permanent 
Hybrid ; The Evolution of Sex ; Sterility : The Contradiction; Apomixis : 
The Escape ; The Integration of the Cell; The Evolution of Heredity. The 
book therefore deals with pretty well every important phenomenon of 
genetics and cytology, and there is no doubt that the author has succeeded in 
picturing this vast field as a consistent whole. Much, of course, is speculative, 
and some dogmatic statements may have to be modified as detailed knowledge 
increases. But the author’s treatment is very stimulating, and, although 
the book cannot be read like a novel, it fully deserves a careful study by 
every biologist interested in tho wider aspects of his science. ^ ^ 

An Introduction to Industrial Mycology. By Geobgk Smith, M.Sc., 
A.I.e. Foreword by Harold Raistriok, Sc.D., F.R.S^ [Pp. 
xii + 302, with 127 original photomicrographs.] (London; Edward 
Arnold <& Co., 1938. I 65 . net.) 

This book is very correctly described as an introduction to Mycology, and 
those who have had to delve imaidod into the subject wfil readily acknowledge 
its value. The first two chapters deal with general questions of Morphology 
and classification and include definitions of most mycological terms, rules of 
nomenclature and pronunciation. Chapters III to VTII are devoted to the 
taxonomy of those moulds which may be enooxmtered in industrial work, 
with passing references to less common moulds. Conveniently interleaved 
in this section are the majority of the photomicrographs; these are excellent 
and are perhaps the outstanding feature of the work. The remaining chapters 
deal respectively with laboratory equipment and technique, physiology of 
mould fungi, maintenance of culture collections, control of mould growth, 
industrial uses of fimgi and mycological literature. 
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One may perhaps question the nse of the term “ indxistrial mycology,” 
because the line of demarcation between knowledge of academic value and 
that of industrial value is indistinct in the science of mycology. A mould is 
not necessarily of industrial importance because it is encountered in industrial 
work, unless the product in question is liable to be attacked either by reason 
of its composition or the conditions under which it is stored. Data concerning 
the limiting conditions of growth are not included under the descriptions of the 
various moulds, except in some specific cases, consequently one is not en¬ 
lightened as to why they are important industrially. The data available are 
admittedly limited, but Galloway’s figures for limiting relative humidity, for 
instance, could have been usefully mentioned individually, rather than the 
general reference to his work in Chapter XII. 

Mr, Smith is frank concerning the inconsistencies in the various taxo- 
nomical schemes, but appears to yearn that all moulds should reach the 
“ perfect stage,” rather than that they should be classified according to their 
biochemical activities. There is some confusion in his description of the 
Asjunmetrica-Velutina section of the genus Penicillium, which is stated on 
p. 177 to be divided into seven sub-sections, whereas only fi.ve are given 
and those do not agree with those described by Thom. 

Typographical errors wore diSicult to find. An ‘ o ’ is omitted from 
sporangiophores on p. 38. “ Bhizopus ” is spelt inaccurately on p. 32 and 

“ cymose ” in the caption of Fig. 11. On p. 246, Aspergillus fumigatus is 
stated to be thermogenic as well as thermophilic ; surely all heterotrophic 
organisms are thermogenic and the property bears no definite relation to 
thermophilism. These errors, however, do not seriously afieot the usefulness 
of the book. 

D. H. C. 

AGRICXJLTURE AND FORESTRY 

Introduction to the Botany of Field Crops. Vol. I : Cereals ; 
Vol, II: Non-Cereals. By J. M. Hectoe. [Pp. 1127 + Ixvii, 
with 448 figures.] (Johannesburg : Central News Agency, Ltd., 1938. 
London Agents : Gordon & Gotch, Ltd. £3 lOs. net per set.) 

These two handsome volumes treat of those plants commonly cultivated as 
field crox>s as distinct from those which are essentially products of the garden 
or orchard. The character of the text renders these volumes a useful and 
valuable summary of what is known respecting most botanical aspects of the 
more important field crop plants. The morphology, biology, anatomical 
structure, cytology and genetics are adequately summarised for those species 
and groups which have been more fully investigated. The more physiological 
aspects are only occasionally considered and the ecological relations are 
intentionally omitted. It will be realised that the work is thus essentially 
descriptive, and within these limits should be of great value alike to advanced 
students and postgraduate workers, who will find the bibliographies both 
comprehensive and conveniently attached, either to sections dealing with 
individual species or related groups. Some idea of their extent will be 
gathered from the fact that the section dealing with Wheat is followed by 
over 400 references. 

Needless to say it would be quite impossible to do more than indicate the 
contents of these volumes. The first, concerned with the Cereals, has 
chapters on the following topics : Oat species. Wheat species. Rye, Barley, 
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Rice, Millets, Saechamm, Serghitms and Maize. In the second volume the 
chief topics are : Onions and Aspara^s, Hemp and Hops, the Buckwheat, 
the Beets, the Cabbages and their allies, the Leguminous seed and fodder 
' crops, Flax, Cottons, the Carrot Family, the Sweet Potato, the Potato, 
Tomato and Tobacco, the Cucurbitacese and Compositse. 

The subject matter comprises a great variety of interests. To those 
attracted by the problem of the origin of cultivated plants the summaries of 
our knowledge, based on geographical distribution and cytogenetics, respect¬ 
ing the cereals will appeal. They will find here a kind of scientific basis for 
the legend of the garden of Eden. Wild Oats for instance probably originated 
in the Western Mediterranean region, where diploid wild types occur, from 
which were perhaps derived migrants that produced the tetraploids of the 
Eastern Mediterranean and the hexaploid types of S.W. Asia. The cultivated 
Oats, which differ in their non-articulating character from the wild types, 
probably arose in three different centres. Again, the Wheat species on 
morphological and genetical grounds would appear to comprise three groups, 
of which the diploid types are mainly a feature of Asia Minor, the hexaploids 
of Afghanistan, and the tetraploids of the Mediterranean Basin and Abyssinia, 
The Barleys seem to present two centres of dispersal, namely North AfHca and 
Eastern Asia, but the cultivated Barleys all differ from the wild types in 
possessing a double bundle in the scutellum instead of a single one. The 
vast number of varieties of Rice, of which perhaps some 12,000 are known 
exclusive of those in China, serve as a tribute to the biological isolation 
resulting from the normal self-fertilisation. 

The student of geographical distribution will also be interested in the map 
showing the range of the Atlantic, continental and alpine segregates of the 
common Red Clover. The student of floral biology will And food for specula¬ 
tion in the differentiation within a species of various types of compatibility, 
or the fact that the explosive mechanism of pollination in Medicago mtiva is 
still of importance in those types which are normally self-pollinated, since it 
results in a rupture of the stigmatic surface that is necessary for bringing about 
the germination of the pollen. Indeed just because of their economic 
importance we probably know more about our cultivated plants and from a 
greater diversity of points of view than of any wild species, and these pages 
will enable many, who have neither the time nor opportunity to peruse the 
mass of technological literature, to make contact with the accumulation of 
knowledge during recent years. 

E. J. Sausbtjby. 

Cotton : History, Species, Varieties, Morphology, Breeding, 
Culture, Diseases, Marketing and XJses. By H, B. Beow^t, 
A.M., Ph.D. Second edition, [Pp. xiv + 692, with frontispiece and 
140 figures.] (New York and London: McGraw-HiU Publishing Ck)., 
Ltd., 1938. 305. net.) 

Ik this, a second edition, the general plan of the first edition has not been 
changed, but parts of nearly all chapters have been rewritten,or have, new 
paragraphs added, to bring them up to date. The additions amount to abo^ 
80 extra pages, and an already imposing list of references has heen incnreaf^: 
by about a hundred items. ; 

Spinning and subsequent processes are lightly touched, but tha sb^ ,% ; 
laid on the technical aspects of growing, breeding, markeimg 
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of cotton. Reference is made to all the well-known crops but attention is 
mostly directed towards the author’s faimliar ground, American cotton. 

By assembling such a multitude of facts from a diversity of sources, the 
author has performed a useful service, the more so since he has the gift of 
condensation and an easy style. In so conscientious an assembly, however, 
some curious omissions are noted. The author is evidently unaware of the 
existence of the Journal of the Textile Institute, so that the work of the British 
Cotton Industry Research Association and other research institutes whose 
publications are released in that journal, finds no place here. It also seems 
peculiar to find discussions on cotton quality without any reference to hair- 
weight per centimetre, now that the importance of this character is so generally 
recognised. Nevertheless, the author is conscious of the inadequacy of 
staple length and waste measurements as an index to quality, and quotes 
results of spinning-tests when possible. 

The lack of contact between the various divisions of the cotton industry 
is notorious ; here is an opportunity for those at the manufacturing end to 
hTik up with the agricultural end of the industry and the hinterland between 

growing and spinning. ^ Hancock. . 

Commercial Fruit and Vegetable Products. By W. V. Cbuess. 
Second edition. McGraw-Hill Publications in the Agricultural Sciences, 
[Pp. X + 798, with 109 figures.] (New York and London : McGraw- 
HiU Publishing Co., Ltd., 1938. 36^. net.) 

The second edition of this book of American origin, where the cultivation 
and preservation of firuit and vegetables are carried out with such high 
efficiency, indicates there has been much investigation and progress made 
during the intervening years since the publication of the first edition. 

This, no doubt, accounts for the increased consumption of preserved and 
canned fnnts and vegetables. 

The revision dealing with the causes of the spoiling of canned foods 
incorporates a brief discussion of the general electrolytic theory of the corrosion 
of metals and a laboratory method for the examination of spoiled caimed 
foods. The canning of the citrus fruits which was formerly unsuccessful is 
shown to have become an important industry in California due to research 
finding suitable methods of storage. Additional work is given on the subjects 
of x)ectm in the jeIl 3 ?Tng of janos and marmalade, candied and glao6 fruits, the 
preparation of tomato juice and its food value with reference to its vitamin 
content. 

The chapter on **Vitamins” is considerably enlarged with up-to-date 
information. The value of the bools has been greatly enhanced by the ad¬ 
dition of four new chapters, viz,, on Wines, Frozen-pack Fruits and Vegetables, 
Plant Pigments and related Compounds, and Enzymes of Fruit andVegetables. 

Under the heading Of wines, a d^criptive classification of wines produced 
from various grapes, the analysis of grapes, fermentation, artificial ageing, 
pasteurisation and packing of wines, etc., are given. It deals also with 
diseases, non-bactedal and bacterial, and Ihe tasting of wines. The defini* 
fikms and regqlaiaons of wines are in accordance with the United States food 
tod drug regulations. A brief account of wines made from other fruits is 
included. Of recent years, the freezing of fruit and vegetables has greatly 
increased and the author has outlined the process with its advantages and 
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The information given on “ Plant pigments and Enzymes ” will he 
found to he equally useful and interesting. The photographic illustrations 
of food machinery are modern and there is an increased list of references at 
the end of each chapter. 

The hook supplies valuable information to all connected with foodstuffs 
and horticulture, whether student, food chemist or manufacturer ; therefore 
its possession is an asset. Chadtock. 

An Introduction to American Forestry. By S. W. Allen. American 
Forestry Series. [Pp. viii + 402, with 122 figures.] (New York and 
London: McGraw-Hill Puhlishing Co., Ltd., 1938. 215. net.) 

Prof. Shirley Allen’s hook is an admirable production. The general plto 
is to state the facts in concise and moderate language and at the end of each 
chapter to cite the most important literature. That makes the book a real 
“ introduction ” from which the stranger may readily reach out to more 
intimate relations with the subject. 

The first chapters cover, in non-technical language, the significance of 
forests and forest products in the economy of the United States ; the processes 
of growing timber, including forest management and protection; and the 
utilisation of timber and other forest products. This, no doubt, is intended 
for a reading public which in the United States (as in many parts of the 
British Empire) has only the dimmest perception of what forestry is and means. 

The later chapters deal with Forest Policy in its wider aspects as a part of 
Land Policy in general, the development of American thought and action in 
relation to its forests ; how the Federal and State Forest Services function ; 
the difficult problem of securing the efficient management of privately owned 
forests ; the professional forester and his education and finally the place of 
Forestry in National Planning. 

These are problems in which foresters the world over are closely interested. 
The scale of the whole forest problem in the United States is gigantic. Start¬ 
ing with apparently inexhaustible resources, one forest region after another has 
been depleted by felling and by fire. The remaining resources are no doubt 
stni great, but adequate only to an expanding population provided the forests 
are brought under reasonable forms of continuous management. 

Fire control, being one of the major duties and difficulties of the American 
Forest Service, is dealt with at considerable length by the author and useful 
suggestions emerge from a perusal of this section. 

Two important chapters are devoted to public policy as affecting forestry 
in the United States. The brief history of developments in American forestry 
during the last hundred years contained in these chapters and more especially 
the account of happenings since 1907 are of particular interest. 

The book, like others of the series, is well printed, fully indexed and 
abundantly illustrated. ^ 

of Agriculture and Population in the Gardes Valley. 

By Birendranath Gancuili, M.A., Ph.D. [Pp. xx + 315, with I 
map.] (London: Methuen & Co., Ltd., 1938. 185. net.) 

This book describes agricultural practices, their relations to soils and wato 
supply, and reactions between agriculture and population density;- 
three parts, viz. Upper Valley, Middle Valley and I>eltaw Each' c^^^ 
four chapters with identical titles; I, Extension of 
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H, Double Cropping and Density; HE, Agricultural Water Supply and 
Density ; IV, Crops and Density, This plan involves much repetition. The 
one variation is an Introduction to Part HE, pp. 203-10, which is as much a 
summary as an introduction and for the general reader may be the most 
useful part of the book. It is regrettable that no corresponding summary is 
made for the Valley, 

Here agriculture varies with the natural factors of soil and water supply, 
and the human factors of population density, culture, transport and markets. 
The last three are only slightly mentioned. Animal husbandry is not 
mentioned either for dairy cows or work animals. The sods are all alluvial; 
but the differences among them in age and development, in composition 
and in relation to present flood levels are considerable. There is some 
description but no map of soil distribution. The one map given, on a scale 
of about 1 : 10,000,000 marks the limits of the area ; but adds nothing else 
to the information available in most atlases. Large-scale maps of typical 
areas would add greatly to the value of the study, especially for such 
natural divisions as the Plain of Tirhut (see p. 129 a?.). Local terms for 

soils and crops are freely used, and there is need for a glossary to explain them. 

The book contains a mass of detailed information, largely statistical, and 
evidence of the author’s personal knowledge of some districts. It is difficult 
to read, but well worth the effort. It needs geographical arrangement, 
graphical illustration and maps. The good parts are so good that we hope 
the author will add to his technical equipment and raise the whole of the 
work to the level of its best parts, plus adequate illustrations. 

C. B. Fawcett. 

Humus : Oiigin, Cliemical Composition, and Importance in 
Nature. By SeIjMAN A. Waksmak. Second edition. [Pp. xiv 4- 
626, with 44 figures.] (London: Bailliere, Tindall <fc Cox, 1938. 
30s. net.) 

It has been said that ‘‘ All really grim gardeners should have a keen sense of 
humus.” Agriculturists and horticulturists alike have long possessed a keen 
sense of humus, and at the same time a keen realisation of the inadequacy of 
the information available as to the nature of this almost magical constituent 
of the soil, which more than any one other single factor indirectly and directly 
affects fertility and productivity by its influence on the soil as an environment 
for plant roots as well as a storehouse of major and minor plant nutrients. 
However, as a branch of applied chemistry, the chemistry of humus must be 
admitted to be a dark page, obscured by fantastic excursions in the terminology 
of a series of humic acid ” fractions that represented merely variations in 
eondirions of extraction, and clouded by theories of formation that called for 
existence of a comparatively simple brown substance formed by pmely 
chemtol processes ffom carbohydrates. In the formulation and establish¬ 
ment of the modem biolc^cal theory of humification, Dr. S. A. Waksman has 
had a ]teading part. Aoomdtng to this concept humus is a complex consisting 
of the decomposing of plant materials and microbial tissue, and one 

whiah varies therefore aocording to the composition of the parent material 
and the eemditions under which it underwent decomposition. 

This book, which has reached its second edition in two years, reviews most 
fcEnmdabJe humus literature (Bibliography with 1608 titles) 
many aspects of the subject in detail. Particularly com* 
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mendable is the inclusion in this edition of some of the more recent Russian 
contributions, largely inaccessible to the ordinary reader, dealing with the 
role of humus in soil-forming processes. A chapter on the relationship between 
humus and soil conservation has also been added. 

Because of its detail, this is primarily a book for specialists, but they 
should find it an invaluable source of reference, 

A. G. N. 

Soils of the Lusitamo-Iberian Peninsula (Spain and Portugal). 
By Emilio H. del Villab. International edition in Spanish and 
English. The English text (somewhat abridged) by G. W. Robestsox. 
[Pp. 416, with 28 figures and separate map.] (Published by the author, 
Lista 64, Madrid, 1937 ; sole Publishing Agents for all countries 
except Spain: Thomas Murby & Co., London. 40^. net.) 

The purpose of this book is threefold : to expotmd the author’s system of 
soil classification, to describe the main soil types that occur in Spain and 
Portugal and to give a soil map of the Peninsula. 

The method of soil classification is based on a threefold grouping ; the 
soil series, the stage of maturity and the phase. He recognises eight soil 
series, of which only five are sufficiently widespread in the Peninsula to be 
mapped, namely saline, calcareous, siallitic, acid humus and alluvial; three 
stages of maturity, namely immature, mature and post-mature, and two main 
phases; the primary phase which is when the soil is carrying its natural 
vegetation (natural phase), forest (forest phase) or grassland (prairie phase); 
and the secondary phase when it is a normal arable soil (agropedic phase). 

The main soil series and their complexes are discussed in considerable 
detail, the emphasis being more on their field characteristics than on their 
genesis. The descriptions of the soils are clear, and are often amplified by 
several tables of mechanical and chemical analyses and in some cases by 
photographs. The soil map is drawn on a scale of 1 ; 1,500,000 and has about 
fifteen colours and eight types of shading. The map is, in the reviewer’s 
opinion, a clear and very creditable production. It forms a most auspicious 
beginning to the projected soil map of the Mediterranean lands. 

The arrangement of the book is that there are three sections to each 
chapter, the first section being the full Spanish text, the second the English 
text and the third the analytical tables. The translation reads very well, 
and the English text appears to be remarkably free from misprints. The 
book and the map are each bound in stiff paper covers, and the publishers 
state that the map can also be supplied rolled, suitable for hanging. 

E. W. R, 


ZOOLOGY 


Outlines of Evolutionary Biology. By the late Abtbtdb Bendy, D.Sc., 
F.R.S. Fourth edition, re-issued with a foreword by Maubige 
Bubton, D.Sc. (Fp. xlii -1- 481, with 190 figures.] (London : Con¬ 
stable & Co., Ltd,, 1938. 16ff. net.) , 


This book by the late Frof. Arthur Denby has richly deserved its conl^nned^ 
popularity and can still be read with enjoyment and profit by the 
biologist, student or layman inter^ted in biological eyoluMon, 

Beginning with details of the structure and life history, 
animalsi 
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organisms, their inter-relationships, resemblances and differences and adapta¬ 
tions to their environment, the author presents the reader with a massive 
body of faots which have to be taken into account in any conception of 
evolution. Then follows a clear discussion of the theory and evidence of 
organic evolution and of factors determining the course of evolution, if not 
causing it, and a careful accoimt of the views of Buffon, Erasmus and Charles 
Darwin, Lamarck and others is included. There is a glossary and an index 
and numerous figures which have been selected with commendable discrimina¬ 
tion. 

It would be diffic ult to find a book of such compass as this which presents 
so fully, clearly, and with such sustaining interest the fundamental facts and 
principles of organic evolution. In the fairness with which he has presented 
the views of opposing schools of thought, the author carries out his own 
injunction, that “ above all, we must avoid dogmatising on an insufficient 
basis of fact; in dealing with problems of this kii^»i*a rational conservatism, 
with a mind always open to conviction, seems the omy safe attitude to adopt.” 

In spite of the remarks of Dr. Burton in his foreword to this edition, 
it is to be regretted that no reference is made to the great volume of important 
and relevant work of more recent years. Our present knowledge of hetero- 
ploidy, species S 3 mthesis, recent work on sex determination and differentiation 
and on the pros and cons of the transmissibility of acquired characters for 
instance should surely have been mentioned. As it is, the book provides the 
finest background one could wish for, but gives no idea of modern illumination 
of the problems, and so is in danger of falling into the class of history books, 
though one forming a worthy memorial to a distinguished biologist. 

F. H. 


[ethods and Materials for Teaching Biological Sciences, 
By David F. Mujijer and Gdenk W. Blaydes. pPp. xii -f 436, with 
146 figures.] (New York and London: McGraw-Bfill Publishing Co., 
Ltd., 1938. 21s. net.) 


This is a new book which should be in the possession of all teachers of Biology 
or of anyone interested in the teaching of Biology. 

It is perhaps now true to say that the teaching of Biology in the schools is 
b^inning to assume its rightful prominence, but it is still unfortunately 
equally true to say that the subject is all too often regarded merely as another 
possible alternative in the long list of examination subjects and the refuge of 
students not considered bright enough for others. Here is a book which makes 
very blear the value par eoseeUence of biological studies as a training in 
scientific method and as a cultural training whose value cannot be over- 
^phasised. 

Part I of this book not only makes these facts clear hut describes in detail 
how these fmwiamental aims of biological teaching may and should be attained, 
fimm choosing a text to planning progressive courses and carrying them out. 

Great stress is laid oh the unavoidable necessity for teaching by the 
examination of material and by simple experimentation with plants and 
apfma l s ; it is clearly recognised that teaching Biology primarily from text- 
bool^ should be strictly prohibited. Part II of this book gives excellent 
and full instructions for the Preparation and Uses of Classroom Materials,” 
ooveadug their collection, culturing, preservation, laboratory aids and suTb- 
> s^iutes, |heparation and use of reagents, etc., experiments requiring in- 
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expensive apparatus and including very useful information of a very wide 
range of animals and plants. It is indeed diffiLcult to avoid being too 
enthusiastic about the arrangement, scope and treatment of this section of the 
book. 

The authors of this book are Americans—^Associate Professors in Zoology 
and Botany respectively and supervisors of teacher training in the Ohio 
State University, and have primarily, and naturally, written for American 
teachers or teachers in training. In that lies the only drawback from the 
point of view of the non-American teacher. Many of the animals and plants 
described and recommended for culturing, etc., are not to be obtained in 
Britain, for instance, and furthermore the full lists given of supply agencies 
from whom materials or preparations may be obtained are aU American. 
This unavoidable diBSiculty is not at all insuperable to the keen teacher m 
other countries and detracts little from the value of the book. 

To each chapter are added useful problems and references for further 
guidance and study, and amongst these references selected books are starred 
as being suitable for inclusion in the school library. 

F. H. 


Textbook of General Zoology. By Wintebton C. Cubtis and Maby 
J. Guthbeb. Third edition. [Pp. xviii + 682, with 486 figures.] 
(New York : John Wiley & Sons, Inc.; London ; Chapman & Hall, 
Ltd., 1938. 185. 6d. net.) 

The third edition of this book has been considerably modified from the 
previous edition and a chapter on the Chordata has been added. It starts 
with four chapters on the physiological activities of animal organisms, that 
on co-ordination being particularly good ; then deals with heredity and 
variation, passing on to a well-illustrated review of the animal kingdom and 
finishing with a good account of organic evolution and the theories concerning 
this process. 

The standard is somewhat below that required for a General Degree in 
Zoology of the University of London for example, and a comparison between 
it and English text-books of approximately the same standard indicates the 
wide divergence between American and English teaching of Zoology. Here 
much stress is laid on tho principles of the subject and the morphology is, 
judged by English standards, lacking in detail, while the more philosophical 
side is dealt with early on instead of being superimposed upon a ground work 
of morphology. Tho book is well written and deals concisely with many 
sides of the subject not otherwise easily accessible to English students at this 
stage ; hence they should find it a valuable supplement to their text-books. 
There is an index and a glossary. „ „ „ 


An Introduction to the Vertebrates. By L. A. Adams. Second 
edition. [Pp. viii + 479, with 327 figmos.] (New York : John Wiley 
& Sons, Inc.; London : Chapman & Hall, Ltd., 1938. 175. 6i. net.) 

It is a tribute to the usefulness of this book that a second edition has been 
published only five years after the publication of the first edition. As in the 
first edition the subject-matter has been divided into three parts, an outfine 
classification, a long comparative section and a section on the various verte¬ 
brate groups, and at the end of each chapter there is a useful r4suin4. The 
second edition contains more than fifty additional pages, most of which have 
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beea added to the compa<rative section, which has also been to a great extent 
rewritten. 

All the sections are well planned and equally balanced, and if any general 
criticism is to be made it might be said that most of the figures illustrating 
the classification are rather small and that the embryology is rather too 
abbreviated. Many of the mistakes of the first edition have been corrected, 
but as is inevitable in books of this kind many still remain. A few of the 
most outstanding may be mentioned. Although it is now over thirty years 
since Goodrich demonstrated that Polypterus and Calamoichthys are 
Actinopterygians they are still treated as Crossopterygians. This has led 
the author to make the unfortunate and misleading statement that “ the 
lobe fin of the type found in Polypterus probably gave rise to the Tetrapod 
limb,” It is also quite untrue to say that the nephridial ducts of Cephalo- 
chordata have ciliated openings, the nephrostomes. Similarly, although 
Watson’s recent work on the Aphetohyoidea has been incorporated, other 
recent work such as the existence of the Ichthyostegids, a group of Devonian 
Amphibia, is not mentioned. 

Like the first edition this book should prove to be a useful text-book for 
the student who wants a general account of the Vertebrata without including 


too much detail. 


J. A. Moy-Thomas. 


ATiimat Life in Fresh Water: A Guide to British Fresh-water 
Invertebrates. By Helen Mellanby, B.Sc., Ph.D. [Pp. viii -f 
296, with 211 figures.] (London : Methuen & Co., Ltd., 1938. Bs, 6d. 
net.) 

This book is mainly a guide to the identification of fresh-water animals 
which can be studied with the naked eye or with a hand lens, although some 
account is given of Protozoa and Rotifers. The text is divided into chapters, 
r ^tch of which, apart from the introductory chapter, deals with one Phylum, 
with the exception that four chapters are devoted to the Arthropods. 

The degree to which an animal can be classified, if this book alone be 
used, vaii^ considerably from group to group, since the author has wisely 
used her discretion and has only dealt with species individually where the 
number of British forms is few and identification not difficult. On the other 
imnd, where specialised knowledge is required and the number of species is 
large, data are only given for referring specimens to their orders. 

The selection has been well made and a large amount of information is 
packed into the book. Further, the text and the numerous illustrations, 
wM of which are original simple line drawings of the type usually made when 
observing an animal, do really make it possible to carry out the identifications 
as as author intends. References to more specialised literature 
m the groups are given art the end of each chapter, so that anyone wishing to 
IdehtfiSbations further toows where to go for the necessary informa- 

!Piis bo€^ a^^fuately filk a serious gap which has long existed in British 

to school teachers who have 
history and are faced with identifying 
& disciples ; to university students who 

to study and animals in tli^ field ; and to amateur naturalists, 

are in and in spellmg in, the text, and some of the 
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but these faults do not materially detract from the value of the book. There 


is an index. 


N. H. Howbs. 


The California Woodpecker and I- By William Emerson Ritter. 
[Pp. xvi + 340, with coloured frontispiece and 29 figures, includ¬ 
ing 1 plate.] (U.S.A. : University of California Press ; Great Britain 
and Ireland : Cambridge University Press, 1938. 16s. net.) 

In the first part of this book the author gives the results of several years’ 
study of the remarkable food-storing habits of the Californian Woodpecker. 
It has long been known that the bird collects acorns, stores them in holes 
drilled in the bark of pine trees, in the crevices of oak trees, cracks in telegraph 
poles and even in weather-boarding of houses. Formerly ornithologists 
thought the acorns were harvested for the sake of the insects inside them, but 
later investigations proved that the woodpecker lives on acorns in winter and 
spring, and at other seasons on insects and frtiits. This bird appears to have 
some power of discri m i n ation and bores holes to suit different sizes of acorns. 
Pebbles are occasionally inserted in holes, like acorns, and the latter dropped 
into cavities where the bird cannot get at them; these habits the author 
explains as cases of “ maladaptivity.” 

Another interesting fact is that this woodpecker fives in groups, or parties, 
each inhabiting a particular area and co-operating m gathering the food 
supplies and protecting them from jays and squirrels. There is still much 
to be learned about this communal S 3 rstem which appears to be extended 
even to the rearing of the young. 

The remainder and greater part of the book is devoted to a philosophical 
discussion of the significance of the differences between the woodpecker, as 
the type of bird, and man as the type of a mammal. The ancestry, structure, 
mental equipment and other points are all dealt with at length. There is a 
useful bibliography and the work is well got up, and illustrated with a colom 
plate and several photographs. ^ ^ ^ 


Special Pathology and Therapeutics of the Diseases of Domestic 
Animals. Vols. I, II, and III. By Dr. Franz Hxjtyra, Dr. 
Joseph Marek, and Dr. Rudolf IVLanninger. Fourth English edi¬ 
tion, edited by J. Russell GREiG,Ph.D., M.R.C.V.S., F.R.S.E., with 
the collaboration of J. R. Mohleb, V.M.D., D.Sc., and Adolph 
Eichhobn, D.V.S. [Pp. xvi 4- 2430, with 23 plates and 724 figures.] 
(London : Bailfiere, Tindall & Cox, 1938. £6 65. net.) 

The first English edition of Hutyra and Marek appeared about twenty-five 
years ago. It and the two subsequent editions were edited by Dr. J. R. 
Mohler and Dr. A. Eichhom of the United States Bureau of Animal Industry, 
who translated the teaching of Budapest into the most comprehensive text¬ 
book of veterinary medicine in the English language. The fourth English 
edition in three volumes is now published under the editorship of the Director 
of the Moredun Research Institute at Edinburgh. Many new chapters appear, 
and numerous revisions have been made. 

In one important feature Hutyra and Marek retains its pre-emin^ce 
among text-books of veterinary me<ficine, namely the description and illusfer^ 
tion of the symptoms and morbid anatomy (though not the bactea^h^^, 
particularly of the contagious infections. But despite its maidy adiniia^ 
q^lities this fourth edition retains far too many of the faults of 7 
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Tho grouping of subjects is a medley of the etiological and anatomical 
systems of classification, peculiar to Budapest, For instance, equine 
infiuenza is classified under acute infections whereas swine influenza is found 
among the diseases of the respiratory system. Rabies is in the first volume 
but Boma disease and some other specific forms of encephalomyelitis are in 
the third volume. Grass sickness is grouped with botulism, and three entirely 
unrelated infections of rabbits are tacked on to pasteurellosis. The causal 
agents of circling disease and fowl paralysis are cited as filtrablo viruses, but 
someone appears to have had some misgiving, so both diseases are planted for 
safety in the third volume, and on p. 327 fowl paralysis becomes “ a 
neoplasmatic affection,” whatever that is ! ! Hutyra and Marek does not 
cater for rapid reference, even the initiated learn to rely on their memory 
and sense of direction; there is no general index for the three volumes ; each 
volume has its own. 

Other defects are a nomenclature, particularly bacteriological, which to 
Bnglish readers is either unfamiliar or archaic; a waste of space on the 
reproduction of long-discarded notions of etiology ; and the citing of the names 
of authors unaccompanied by any reference to the date and source of their 
publication. In his own subjects, such as the chapter on milk fever. Prof, 
Russell Greig sets a standard of clear, authoritative and condensed writing 
which stands out in sharp contrast to the prolix continental style of the greater 
part of the book. 

According to his preface the editor defends his retention of the continental 
posology, while claiming that Hutyra and Marek serves the needs of English- 
speaking veterinary practitioners. Bfis mistake is not in retaining the 
continental therapeutics, but in failing to add the English posology. The 
English veterinary practitioner would claim, not that Hutyra smd Marek’s 
therapeutics should conform to, but that they should reflect mum more of, 
the British system of teaching and practice.. 

Ixx other important respects Hutyra and Marek pays little respect to 
Fkigii^ practice. The neglect of bovine streptococcal mastitis is a grave 
defect. Three other such important subjects in Great Britain as lamb 
dysmtery, pulpy kidney disease, and enterotoxaemia are squeezed into two 
pages, whereas malignant oedema receives 19 pages and 7 illustrations. 
Beyond a cursory mention of tumours which may be found in certain organs, 
the subject of neoplasia in animals and birds is neglected; lipomatosis of 
cattle and carcinoma of the oesophagus of cats are not even mentioned. The 
subject of canine nephritis is a muddle ; it appears in the first volume as dog 
typhus or Stuttgart disease on the long-discarded hypothesis that it was 
caused by a spirochsete ; whereas in the second volume it is differentiated 
firom tj^phiis by the absence of gastro-enteritis and of spirochsetes from the 
urine. Other sections requiring thorough revision are those dealing with 
endocarditis, congenital heart defects, goitre, intestinal obstruction and gall- 
stones; iand the entire section on so-called articular rheumatism might with 
advantage be rewritten in accordance with modem knowledge of rheumatic 
disease and the various forms of infectious arthritis. 

The sections dealing with veterinary parasitology have been improved, 
at least firom the systematist's point of view. The persistent use of the suffix 
-osw provides such novelties as ancylostomatosis, filariosis, schistosomosis 
. and p^uoes a mix-up with stroiigylidosis (p. 323), trichostrongylosis (p. 270) 
aaid tifidmstrpngy^^ (p. 264), Somehow the familiar term i^iaais (p. 256) 
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was overlooked. Drugs are prescribed for the treatment of stomach worms 
in vpild hares, without instructions on how first to catch your hare. The 
statement (Vol. Ill, p. 626) that “ in foxes on fur-farms lungworms are 
normally present ” is inaccurate ; moreover, anyone familiar with fur-farms 
does not use the term “ minks ” for the plural of mink. This unfamiliarity 
with the practical side of parasitology may explain the inadequate advice 
for the prophylaxis of ancylostomiasis in foxes and dogs, and the neglect 
of the English work on Oalerus oaleri. It is unnecessary to add the 5 for the 
plural of quail and ptarmigan. 

This atmosphere of unreality and practical inexperience pervades much of 
the writing on disease of birds. The statement that pigeons “ are seldom 
severely or fatally affected ” by coccidiosis is the reverse of the actual facts. 
Obstruction of the crop of young pheasants is attributed to feeding on insect 
larvae, which happen to be the bird’s natural food. Palpation of the gizzard 
is advised for the diagnosis of grit deficiency, and glass, cinders, coal, fruit- 
stones, and brick dust are cited as “ xmsuitable substances ” in the gizzard of 
the fowl! ! The “ wavy parrot ” more widely known as the budgerigar, 
Malopaiitacua undidotua^ is mis-spelt on p. 331 together with Pacheco and 
Bier and parrakeeta. Psittacosis is merely allotted one page as a sub-section 
of fowl pest, and along with another important subject, laryngo-tracheitis, 
requires revision. Coryza (p. 453, not 458 as in the index), should be separated 
from nutritional roup. Chondrodystrophy and disease of the oviduct appear 
to have been overlooked. 

To make this fourth edition of Hutyra and Marek, Prof- Russell Creig 
has added his sparkling English vintage to the heavy continental wine in the 
old Budapest skins. The result is an ajBfiront to the English reader’s palate. 
Also the edition does not fulfil the need of the times, it is neither a senior 
student’s book nor an authoritative research manual. In the reviewer’s 
opinion the time has arrived for the production of two books which will 
reflect the fact that during the past quarter of a centruy the veterinary 
science and practice of the English-speaking peoples has attained the lead 
in the world of veterinary ideas and study. The book on comparative 
pathology should be comparable in quality and mode of production with the 
M.R.C.’s System of Bacteriology. A brief summary of such a system of 
comparative pathology, added to the modern teaching and practice of 
veterinary therapeusis, would supply the second need—^namely, a first-class 
text-book of veterinary medicine for the use and within the purchasing power 
of senior veterinary undergraduates. In order to exert a profound influence 
upon the veterinary practice of English-speaking peoples a book of veterinary 
medicine must appeal to and become the familiar companion of the student 
and young graduate. Hutyra and Marek fails to do this. Ha:be 

"i&omestic Pests ; What They Are and How to Remove Them. 

By L. HtnsTTER, M.Sc. [Pp. xii -{- 236, with 116 figures.] (London : 

John Bale, Sons, and CJumow, Ltd., 1938, 7a. 6d. net.) 

The preface states that this book is prepared “ in the hope that it will be 
useful to housewives, students training as teachers, especially in domestic 
science, welfare workers ; sanitary inspectors ; adult education students and 
to members of the medical profession.” The book includes chapters on the 
significance of pests, methods of control, and accounts of personal p^ts, 
p<^i^ in food, fabrics, wood, and pests of the house such as cockroaches, ants, 



SCIENCE PEOGRESS 


418 


rd>ts and. inic 0 . Duo acknowlodgment is luado of th.6 many autlioritios 
consulted. There appears to be but little original matter in the book. 

It is surprising that, prepared for such a public, the subject-matter should 
have been presented in so simplified a form and on the tedious plan of question 
and answer. In the process of simplification the author should have avoided 
general and popularised statements which have led to inexactitude and indeed 
to many serious errors. Por example, a description of tho three pairs of 
appendages which form the mouth parts of even so primitive an insect as the 
cockroach (which, by the way, is repeatedly called a black beetle) is evidently 
considered as too detailed for this book, so “ the two mouth parts, the 
mandibles, only are mentioned. But a large and not altogether accurate 
diagram of the highly modified mouth parts of the bed bug is allotted nearly 
a whole page although there is no explamtion of the function, origin or 
homologies of the parts named in the legend. 

One suspects that the author has little personal experience of some of 
the methods of control which she desciibcs ; for example, a well-baited 
cockroach trap will collect a couple of dozen specimens in a very short time, 
and this is a really effective method of tackling a serious infestation. 

The glossary is inadequate and some of tho definitions are inaccurate or, 
like many of the phrases in the text, ambiguous. 

P. C. E. 


PHYSIOLOGY AND MEDICINE 

The Stuff We're Made Of. By W. O. Kebmaok, M.A., D.Sc., LL.D., 
and P. Eggleton, D.Sc. [Pp. viii 4- 341, with 8 plates and 56 figures.] 
(London : Edward Arnold & Co., 1938. Is. fid. net.) 

The authors state it to be their object to survey the region between the 
physical and biological sciences and to give the reader a reasonable des¬ 
cription of the relation of the living to the non-living and, at the same time, 
to present an accoimt of some of the remarkable advances in biochemistry 
and to indicate the significance which they possess for the future well-being of 
mankind. Under an apparently flippant title for the book the authors have 
disguised a really masterly accoimt of the subject they are dealing vrith. 
In the first chapter, entitled “ A Sense of Proportion,” they give an account of 
the relative sizes of a number of weE-known objects, beginning with the 
proton and ending with the tmiverse, and use this as a moans of introducing 
the reader by easy stages to the logarithmic scale of measurement. The 
second chapter contains, under the heading of “ The Scientist takes a Sample,” 
a very lucid account of statistical errors and errors of sampling and stress is 
laid on the fact that it is the aim of Science to provide statements which 
combine the highest possible significance with the greatest possible reliability. 
Under the title of ** What is Truth ? ” the reader is given as simple an account 
of the principle of indeterminacy as we have yet seen. A more distinctly 
chemical note is struck in the chapter devoted to Giant Molecules ; though 
excell^t in the general account it gives of highly polymerised compounds, it 
contains one rather ambiguous statement to the effect that artificial silk is 
real silk built out of sugar instead of amino-acids.” Much illuminating 
information is provided in the two following chapters on engines and energy 
and Nature’s use of overdraft by a liberal use of simple analogies. The 
misleading ritle of The Vitamin Backet ” provides a very readable account 
of the discovery, isolation and synthesis of the various vitamins, and so far 
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j&rom belittling their significance, as the title would suggest, there important 
influence upon human and animal welfare is emphasised. In discussmg 
enzymes under the heading of “ Nature’s Stepping Stones ” the authors have 
thought fli to introduce a quasi-humorous drawing wliich by a curious error 
of judgment has been reproduced on the specimen page issued as a circular; 
to most casual observers this would act as a deterrent to reading a book 
which is, in point of fact, one of most outstanding merit. Space does not 
permit of referring to the many other points of interest; suffice it to say 
that in a free-and-easy style the authors have produced a most amusing and 
stimulating book which can be profitably read from cover to cover. 

P. H. 


Tlie Living Body : A Text in Human Physiology. By Charles 
Herbert Best, M.A., M.D., B.Sc. F.R.S., and Normah Burke 
Taylor, M,D., F.R.S.C. [Pp. xxiv + 663, with 15 coloured plates 
and 283 figures.] (London: Chapman & Hall, Ltd., 1939, 185. 

net.) 

As the authors state in their preface, “ This book is addressed to those seeking 
an elementary knowledge of the actions and reactions, physical and chemical, 
occurring in the human body.” The book is profusely illustrated with 
diagrams which are on the whole very good. The type is well spaced and 
easily read. The text is clear and concise and very readable. Sufficient 
anatomy has been included to make the functional aspect clear to students 
who have no knowledge of structure. There are many histological diagrams, 
some of which are rather fanciful. A certain amount of biochemistry has 
been included, some of it perhaps wrongly in an elementary book of this 
type, as for instance the chemical formulae for vitamins. On the whole it is 
surprising how much the authors have condensed into the 538 pages of the 
book. 

It is a pity that in dealing with blood groups the authors have used the 
Jansky classification. It is sure to lead to difficulties, if not danger, should 
this book be the sole guide for nurses in Great Britain. It would be advisable 
in future editions to refer at least to the fact that there are other systems of 
classification. 

The subject-matter of the book is adequate for elementary students of 
the subject, such as nurses and dental students. The authors are to be 
congratulated on producing such a well-written and instructive work. 

H. P. G. 


Annual Review of Physiology. Vol. I. Edited by James Murray 
Luck and Victor E. Hall. [Pp. viii + 706.] (Stanford University, 
California: American Physiological Society and Annual Reviews, 
Inc., 1939. $6.) 

This book presents critical accounts of the recent progress in a score or so 
different fields of physiological research. In these da3^ of ever-increasing 
specialisation, it is becoming wellnigh impossible for the research worker to 
know “ everything about something,” much less “ something about every¬ 
thing ” ; and any book which offers us a hope of achieving the latter part of 
this precept, as far as recent discoveries are concerned, is assured of a warm 
welcome. 

As the editors wisely point out in the Preface, exhaustive treatments of 
selected topics ore already available in Pyaiologicc^ Bevmos and the Ergehmtse 
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der Phyaiologie, The Annital Review of Physiology is therefore designed to 
supplement such journals by providing critical and interpretative r6sum6s 
covering year by year the entire field of physiology. 

The topics included in this, the first volume, cover a wide range, includmg 
among many others. Permeability (M. H. Jacobs), Genetics (G. W. Beadlo), 
Developmental Physiology (J. Needham), Peripheral Circulation (H. C. 
Bazett), Respiration (R. Gesell), Heart (J. A. E. Eystor), Reflex Action 
(J. J. Eccles), Kidney (Homer Smith), Endocrinos (H. M. Evans); and tho 
extensive bibliographies at the end of oach chapter bear wibnoss to tho 
painstaking care with which the authors have poiTormod thoir unenviable 
tasks. 

In a few eases too much has been attempted, and the result is an uncritical 
cataloguing of papers which, difficult as it must be to avoid, makes heavy 
going for the average reader. However, the majority of the contributions are 
excellent, particularly those by J. J. Eccles and H. M. Evans, which might 
serve for future contributors as a model of what is required. 

It can be said of few books that their usefulness will certainly increase 
with their age; but this is one of them, and no one who wishes to take an 
intelligent interest in the progress of modem physiology can afford to be 
without it. 

R. A. G. 

Laboratory Outlines in Conaparative Physiology. By Chabuhjs 
Gaebotb Rogers, Ph.D., Sc.D. Second edition, ppp. ix + 133.] 
(New York and London: McGraw-Hill Publishing Co., Ltd., 1938, 
Bs. 6d. net.) 

Rogers’s book, now in its second edition, provides useful directions for a 
course in anim al physiology, with the emphasis laid on the physical and 
chemical aspects of the subject. The first section contains a very instructive 
choice of experiments related to Physical Chemistry of Cells. It is followed 
by a short chapter on The General Physiological Properties of Protoplasm ” 
and a longer one on “ The Litemal Medium,” which also contains general 
protein reactions. ** Circulation ” is dealt with extensively in Section IV. It 
contains some experiments which are perhaps too elaborate for Zoology 
students. Section V on ** Respiration ” occupies 29 pages, tho following on 
Nutrition ” only 7. It might be profitably enlarged in a future edition to 
include methods for the quantitative estimation of nxitrients. The last 
chapters are on “ Physiology of Movement,” Excretion ” (1 p.) and “ The 
Nervous System and Behavioirr.” 

There am no diagrams illustrating the apparatus described in the text. 
This is particularly regrettable in instances where the teohniquo suggested is 
not widely used. The usefulness of the book, especially for teachers, would 
be increased if directions were given for the preparation of certain reagents 
(Millon’s, Benedict’s solution, etc.). In the reviewer’s opinion there are too 
many questions such as ** What happens ? ”, Why ? ”, “ Result ? ”, 
mstead of explanations of the experimental results. Thus the directions very 
often assume the character of examination questions and make the use of 
the book too much dependent on the course of lectures running closely 
parallel with that of the practicals. 


F, G. 
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Food and Health.: An Introduction to the Science of Nutrition. 
By A. Babbaba Callow, M.A., M.So., M.S. Second edition. [Pp. 
viii + 9 figures, including 4 plates.] (Oxford : at the Clar¬ 
endon Press ; London : Humphrey Milford, 1938. 55 . net.) 

In reading any modern book on diet there are three questions one etsks 
oneself: “ Is the book up-to-date ? ’’—Is it easily readable from the lay 
point of view ? ”—Is it free from the taint of ‘ food faddism ’ ? 

In the case of Food and Health all these three questions can be answered 
unhesitatingly in the affirmative. The book has another very good point; 
while the writer clearly knows her subject and its now very extensive litera¬ 
ture, she would seem to have a flair for knowing what to leave out, often 
a more difficult matter to decide than that of what should be put in. In 
this latter connection, of what to put in, time after time when some important 
point came into one’s mind, and the index was turned up to see if it had been 
dealt with, the reference was found and the text-matter proved to be adequate 
and satisfactory. In fact, it is not easy to find faults, though the section on 
constipation might perhaps have been handled rather differently. In this 
connection, the distinction between a spastic and a non-spastic colon is rather 
important, with the desirability of a non-roughage diet for the spastic type. 
Physicians to-day state that up to 60 per cent, of the constipation modern 
man suffers from is due to tonic contraction rather than to atonicity; in 
other words, to the spastic type of colon. Perhaps in a later edition this 
matter might be made somewhat clearer and brought more up to date. 
For the rest, the book seems to fulfil its avowed purpose admirably, and, 
perhaps a minor detail, the type and paper are unusually pleasant for a book 
of this moderate price. _ _ 


Vitamins and Vitamin Deficiencies. Vol. I; Introductory and 
Historical; Vitamin and Beri-Beri. By Leslie J. Habbis, 
Ph.D., Sc.D., D.Sc., F.I.C. [Pp. xiv + 204, with 60 figures.] 
(London: J. & A. Churchill, Ltd., 1938. 85. 6d. net.) 


This invaluable book has set for the other six projected volumes in the same 
series a standard that probably only its author could maintain. It is some¬ 
thing less than a mere compilation in size, but something very much more in 
labour. It is a selection, and a critical selection, of all the information about 
Vitamin B^, in presence and absence, likely to be of use to the practising 
physician or to the biochemical research worker. Dr. Harris’s position as 
Director of the Nutrition Laboratory of the Medical Research Council and the 
University of Cambridge renders him uniquely fitting to undertake the task 
of preparing this set of monographs. His approach is fundamentally 
chemical, for as a chemist he was trained, though his work during the last two 
decades has brought him into close contact with medical problems, especially 
those arising from nutritional deficiencies. 

That Dr, Harris’s survey is comprehensive and integrative appears at 
once from his discussion of the chemical structure of aneurin and its relation 
with cocarboxylase and the complex enzyme systems involved in carbohydrate 
metabolism. That his outlook is also practical is witnessed by the criijcal 
consideration given to the various methods proposed for the I" " 
estimation of Vitamin B^ and the different chemical tests. 


When the whole of the volume in this series are a 
constitute a complete library of reference 
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or near tli© vitanains, and a source of information whose permanence will be 
secured by Dr. Harris’s intention and ability to carry out the necessary 
revisions firom time to time. 

A. L. BAOKAJtAOH. 

Laboratory Manual of Physiological Chemistry. By Mectr 
Bodansky and Mabioit Fay. Fourth edition. [Fp. viii 4- 295, with 
9 figures,] (New York : John Wiley & Sons, Inc.; London : Chapman 
& Hall, Ltd., 1938. 10^. net.) 

This book provides a sound basis for any course on practical physiological 
chemistry and sufficient experiments are quoted to give the student a good 
working knowledge of the subject. The details for performing the various 
experiments are more than adequate, and, in the case of the quantitative 
work, alternative methods are given wherever possible. The chapter on 
urine is very good in this respect. 

In the reviewer’s opinion the book suffers from a serious defect, and that 
is its failure to give due consideration to the principles on which the various 
methods are based. It is always difficult to strike a correct balance between 
theoretical and practical work in a laboratory manual, but the reviewer feels 
that in this case the authors have neglected the former. The nainimum 
requirements are, that the principles of each method should be carefully 
explained before going on to the practical details, and in most cases this has 
not been done. 

This is of little consequence if the book is to be used by qualified men who 
want practical details only, but if it is to be used by students, the reviewer is 
of the opinion that its value would be enhanced by devoting more space to 
g^aeral principles. 

S. B. Elsdbh. 

A Textbook of Biochemistry. By Boobr J. Williams, Ph.D., D.Sc. 
[Pp. X 4- 525, with 19 figures.] (New York; D. van Nostrand Co., 
Inc.; lK>ndon: Chapman A Hall, Ltd., 1938. 21^. net.) 

This book which deals primarily with animal biochemistry is intended for 
medical students and others with similar interests; it is divided into five 
secjrions which, according to the author, seek to answer in order the following 
five questions: (1) How are biochemical materials constituted ? (2) Of 

what are our body tissues composed ? (3) Which of the chemical con- 
stituents of foods are necessary for nourishment ? (4) What mechanisms 

ever the body apply in the control of chemical transformations ? (5) What 

are the details of the process whereby the food materials are transformed into 
^Ni^tes with their living activities ? It will be seen that the plan adopted by 
, author is a logical one which should give the student a good grasp of the 
stfijQect, but it is also an ambitious plan andUin bis desire to make the story as 
©tatplefce as poesiHe the author has tended to condense his information so 
riupub as to make it difficult for the student to follow him; the experienced 
r^ider^dn the hand, will fiM much in the book that is to be commended, 

as it pgpcmdes aaa excellent and up-to-date summary of our present knowledge 
of The book is r^narkably ficee ffom misprints, but the ring 

b^gen atom in the cyclic formula for fructose has accidentally been omitted 
'4A ■. . 

V ^ ''P,-H.:, 
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Outlines of Biochemistry. By Ross Aiken GoKTisrER. Second edition. 

[Pp. XX + 1017, with 165 figures.] (New York : John Wiley & Sons, 

Inc.; London: Chapman & Hall, Ltd., 1938. 30s. net.) 

The title of this text-book is perhaps a somewhat misleading one. The 
very size of the volume, over one thousand large -pages containing about 
forty chapters, is alone sufficient to make one suspect that the outlines have 
at least in places been fairly well filled in. But this is not an ordinary bio¬ 
chemical text-book. It deals mainly with the basic facts and principles on 
which the science of biochemistry rests, rather than with the systematic, 
detailed application of these to the explanation of particular processes in the 
tissues of animal or plant. These facts and principles belong in large measure 
to the sciences of ph37sical, coUoid, and organic chemistry. Consequently 
this book gives a wide survey of this fundamental groundwork. The 
thorough discussion of the physical chemistry underlying cell activity is 
especially valuable, for in most books on biochemistry it tends to be treated 
somewhat summarily. The organic chemistry part of the book is also very 
well written. The volume is the more readable because the author treats 
many interesting problems, and practical applications of the facts and prin¬ 
ciples he is discussing. Almost every page contains many references to the 
original literature, whilst the subject index alone occupies 38 pages. In this 
new edition the contents of the book have been brought up-to-date, and it is 
an interesting sidelight on the rapidity of the progress of the science to notice 
how much is included that has been discovered during the nine years that have 
elapsed since the first edition was published. Undoubtedly this is a book that 
should be in every biochemical library. WOK 

Biochemistry for Medical Students. By W. V. Thorpe, M.A., Ph.D. 

[Pp. viii -{- 457, with 37 figures, including 4 plates.] (London : J. & 

A. Churchni, Ltd., 1938. 125. 6d. net.) 

This is a more advanced book than the title suggests, but this should not deter 
medical students from reading it, for all the topics are dealt with in a simple 
fashion, and it merely means that the book will enjoy a much wider circulation. 

There is very little repetition, the reader being referred to the page on 
which the information is to be found. It is a good scheme, serving to teach 
the student how to use references and, what is more important, how to use a 
library. This latter object is furthered by a carefully chosen set of references 
and an adequate index. 

Another pleasing feature is Dr. Thorpe’s effort to give, wherever possible, 
the experimental evidence on which the existing -theories are based, and the 
assumptions made in the interpretation of this evidence. This point is 
particularly well illustrated in the chapter on m\iscle chemistry, where the 
author emphasises that most of the evidence for the present theory of 
glycolysis has been obtained by the use of muscle extracts and breis. 

A possible criticism is that certain chapters are unbalanced. This is 
most marked in the chapter on biological oxidations, in which the theory of 
redox potentials is discussed for two pages, but no mention is made of the 
important respiratory coenzymes, and their relation to the anti-pellagra 
vitamin, nicotinic acid aroide. Further, the reviewer feels that the average 
medical student would appreciate some information on stereo and geometrical 
isomerism, more especially when he comes to the competent chapters on 
carbohydrates and sterols. 
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Taken as a whole, this is a good hook and Dr. Thorpe is to be con¬ 
gratulated. Praise is also due to the publishers for the way in which the book 
is set out and the excellent treatment of the illustrations and the numerous 
formulae. 

S. B. Elsdek. 

A Textbook of Biochemistry for Students of Medicine and Science, 
By A. T. Cameron, M.A., D.Sc. (Edin.), F.I.C., F.B.S.C. Fifth 
edition. [Pp. viii + 414, with 3 plates and 25 figures.] (London: 
J. & A. Churchill, Ltd., 1938. 165. net.) 

That no less than five editions should have been called for in the space 
of ten years is in itself sufficient testimony to the merit of this book. In the 
present edition, however, the book has been almost completely re-written in 
the light of the many recent advances in biochemistry which have enabled 
a clear insight to be obtained into the interrelationships between various 
groups of compounds. This is specially noticeable in the close connection 
between enzymes, hormones and vitamins, since it is known that at least one 
vitamin united to a protein forms an important enzyme, while another com¬ 
bined with a phosphate acts as a co-enz 3 nne. In the treatment of his subject 
the author has assumed the reader to have had a sound training in organic 
chemistry, but not making the same assumption concerning the reader’s 
training in physical chemistry he has devoted an early chapter to the subject 
of “ Physical Chemical Concepts of Importance in Biochemistry.” The 
information here given is of necessity very condensed, since it attempts to 
cover a large field in some 30 pages; incidentally by a curious oversight the 
name of Thomas Graham is given as Thomas Hunter on p. 31. The subject 
of enzymes is very well treated in the third chapter, as is also that of vitamins 
and, with a view to emphasising the real existence of these substances, a 
number of photomicrographs of them have been provided. Then follow a 
series of chapters dealing with carbohydrates, lipids, proteins and in which 
hot only their chemistry but also their digestion, absorption and utilisation is 
describe. The remainder of the book treats the subject in a very praise¬ 
worthy mannw from the human physiological point of view, bringing chemistry 
closer into relation with the body fluid and body tissues, and good accounts 
are also given of extra- and intra-cellular respiration involving of course a 
detailed discussion of the intricacies of oxidation-reduction systems. Hovel 
features are the inclusion of such subjects as Bacterial actions and Detoxica¬ 
tion mechanisms and a Biochemical Introduction to Pharmacology which 
includes clear accounts of iinmunochemdstry and the present state of know'ledge 
regarding Filtrable Viruses. In addition, there are two valuable chapters 
oh Quantitative Metabolism and Diet, both of which contain much useful 
information which is not quite easy to find without a good deal of search in 
seatt^eed literature. Students of medicine can hardly be expected to re- 
meml^ all thte^ is contained in thp closely printed pages of this excellent book, 
but as a bbo^^ of reference it may be highly recommended to t h*^**^ as well 
as to students of chem i s try desirous of obtaining information on biochemistry 
in to huimua. physiology* 


Pr H, 
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Laboratory Methods of Biochemistry. By A. Bebtho and W. 
GsASSMAi^nsr. Translated by W. McCabtnby, Ph.D., F.I.C. [Pp. xiv 
4-281, with 33 figures and 1 folding plate.] (London : Macmillan &; 
Co., Ltd., 1938. 185. net.) 

This admirable book will be found invaluable in the teaching of practical 
biochemistry, and is also recommended to trained organic chemists who wdsh 
to gain familiarity with biochemical technique. The general plan is based 
on that of the well-known Gattermann’s Laboratory Methods of Organic 
Chemistry, and after chapters devoted to introductory matter and to general 
descriptions of apparatus and experimental technique, the main subject- 
matter is classified under the three headings of “ Substrates,” “ Enzymic 
Hydrolyses,” and “ Respiration and Fermentation.” This is in no sense a 
book of recipes. The theoretical treatment is excellent, and a valuable 
feature is the abundance of references to the original literature, and especially 
to review articles, which will be much appreciated by the reader who desires 
fuller information on restricted topics. Methods of isolation, purification, 
and analysis are given, and of the determination of physical constants such 
as oxidation-reduction potentials. In a work covering so wide a 

field as modem biochemistry it would be easy to cite omissions. Thus, there 
appears to be no reference to electrophoresis, and a special section on micro¬ 
technique would be welcome. The general reaction, however, is one of 
admiration that such a wealth of material should be attractively presented 
in so small a compass. There are descriptions of the preparation and pro¬ 
perties of enzymes, of the study of cell metabolism by Warburg’s method, 
and an extensive discussion of the mechanism of fermentation and respiration, 
to select only three courses from a rich repast. 

J. W. 0. 

A Text-Book of Pharmacognosy. By G. E. Trbasb, B.Pharm., Ph.C., 
A.I.C., F.L.S. Third edition. [Pp. x + 740, wnth 233 figures and 
10 maps.] (London : Bailliere, Tindall & Cox, 1938. 215. net.) 

This text-book is designed to meet the requirements of students who are 
reading for a degree in Pharmacy, or a similar professional qualification. The 
text has been revised, and brought up-to-date, and new chapters and figures 
have been added. Several specialists have contributed to a treatise which 
presents a difficult subject in its varied aspects in a way which the student 
will find interesting and instructive. 

The work is divided into five sections. Part I brings together such subjects 
as the general history and commerce of cmde drugs, plant principles and 
their extraction, plant enzymes, cultivation, collection, drying, storage, 
insect and other pests. Part II treats of the technique of microscopy and 
its application in pharmacognosy. Part III is the main section of the book. 
In it the drug-yielding plants are arranged according to their families, following 
the system of Engler, The drugs are described more or less fully according 
to their relative importance, and information is given as to geographical 
source, methods of cultivation, collection, preparation for the market, packing 
and storage. Details of histological structure are given for those US^ 
In powder form, and descriptions of possible adulterants and substitute* 
Part IV is concerned with drugs of animal origin, and Part V de^ isptb; 
chemical and physical methods of drug analysis. have 

developments as fluorescence analysis described, ; ' 
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An important feature of the text-book is the wealth of illustration. 
Many photographs and blocks from other works are reproduced, and nximerous 
illustrations have been adapted for reproduction. Some of these latter tend 
to detract jfrom the otherwise general excellence of the book. Their lines 
are too thick and the shading too heavy (e.gr. Fig. 48, p. 131) or, they are 
not suf&ciently critical (e.gr. Fig, 133, p. 394). 

Apart from these details, both Mr. Trease and the publishers are to be 
congratulated on the production of a most useful and eihcient text-book 
which will undoubtedly have a wide appeal. 

W. O. Howarth. 

The Microscopical Study of Drugs. By Liliait A. Kay, B.Pharm., 
Ph.C. [Pp. viii 4- 228, with 47 plates and 10 figures.] (London : 
Bailliere, TindaU & Cox, 1938. 105. 6cZ. net.) 

Teccs book presents a scheme of practical work on the microscopy of the 
vegetable drugs included in the syllabus for the Pharmaceutical Chemist 
Qualifying Examination and the Bachelor of Pharmacy Examination of the 
University of London. The scheme comprises a series of 40 schedules of 
work, each designed to be completed in approximately three hours. While 
these schedules do not differ essentially from those available in other text¬ 
books, the author has produced a useful volume by incorporating a com¬ 
prehensive series of original drawings. 

Each schedule contains instructions for the preparation and examination 
of sections, isolated tissues and powder of the drug and concludes with a 
summary of the diagnostic microscopical characters. Accompanying each 
is a plate showing a plan of the section and detailed drawings of sections, 
isolated tissues and powder. In addition to schedules dealing -with thirty 
important vegetable drugs, chapters are included also on the drawing and 
measurement of microscopical objects, the use of reagents, the examination 
of fibres and fabrics -used for surgical dressings and quantitative microscopical 
aM[ysis by the lycopodium spore method. 

Mii^ Kay’s drawings are, on the whole, quite good, although the accuracy 
of some of the finer details is open to criticism and a coaasiderable error is 
shown in the arrangement of the perimeduUary phloem ” of the Solanaoeous 
leaves. 

PhartTBaceutical students and others taking up the study of drug micro- 
soopy should find this book useful both as a practical guide and as a work 
of reference. 

E. T, 

Medical Entomology. By WnniAM A. Rixey, Ph.D., So.D., and Oskab 
A. J'oHAJsusrsTO’, Ph.D, Second edition. McGraw-Hill Publications in 
ZcM>logical Sciences. PE^. xiv -f 483, with frontispiece and 
184 figuresJ (New York and London: McGraw-Hill Publishing Co., 
Ltd^ 11^8^ 2S«^net.) 

ir is not easy to- applications of biology to practical affairs. 

The author of a work bn weefds of field and garden might divide hist subject 
teonomfeally, ^oupbag t<^th^ those we^ which belong to particular 
fenfiiee ; ^termitively, he might divide his subject into the weeds of root 
: crops, of oereate, or of the kitchen garden. The classification of medical 
4, ^ even more difScult^ .Some insects, such;as the bed bug^ are 

%»^£id©d simply beoai^ they, mre nuisances. Many others, such a« fieas and 
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mosquitoes, transmit organisms which cause disease. In other cases, closely 
related organisms are transmitted by unrelated hosts ; for instance, the 
spirochsetes of different types of relapsing fever are transmitted by lice or by 
certain ticks. As a farther complication, the lice are not only involved with 
relapsing fever, but also with two diseases of the typhus group. It follows 
that if the subject is classified by diseases, it will appear muddled to a zoo¬ 
logist ; but zoological classification sunders things which the medical man 
would wish to bring together. As the reviewer holds that the object of 
medical entomology is to throw light on the epidemiology of certain d^eases, 
he would prefer the former classification. 

The authors of the present book treat the subject as a branch of zoology. 
They introduce the Arthropoda, work through the Arachnida, and then pass 
to those Hexapoda which have medical importance, reviewing them order by 
order. This arrangement is clear and the authors have produced a balanced 
statement on the medical entomology of the world. Their second edition 
brings up to date a convenient manual, which is already known. But the 
medical reader will not find the zoological method of presentation very 
convenient. He wiU notice that chapters on beetles and moths (quite trivial 
insects to him, and only included because a few are poisonous or irritatmg) 
are inserted between the lice and the flies ; moreover, if he wants a clear 
picture of the medical entomology of the typhus diseases, he must hunt it 
up in three places, under lice, mites and fleas, and put it together for 
himself. 

P. A. Buxton. 

Introduction to Physiological Optics. By J. P. C, SouTHAUii. [Pp. 

X 4- 426, with 135 figures, including 3 plates.] (London: Oxford 

University Press, 1937, 21^, not.) 

Helmholtz published the first edition of his Physiological Optics in 1867, 
The second edition appeared in 1896, whilst the third appeared in 1909-10, 
fifteen years after his death. The book was so far ahead of its time that it 
was still worth while to publish an English translation in 1924. Ignoring 
the contemporary additions, tliis can still be used as a text-book, although 
its style is a little old-fashioned. Very few of the statements of fact have 
been shown to be untrue, and only one fresh principle has been discovered. 
This is the mechanism by which sensory impulses are conveyed to the brain; 
as a result of this, sensory physiology has made a leap forwards. We are 
therefore astonished to find that Prof. Southall has ignored this work. Like 
the third English edition of Helmholtz, the part which is Helmholtz is good, 
but neither work is improved by the additions of a few, uncritically selected, 
modem American authors. 

The chapters on the optical system of the eye are well done. Some of 
the data cannot be found in other English boois without much searching. 
Those who have a knowledge of optics will enjoy reading these chapters. 
Prof. Southall opens the optical section by saying that he is going to give 
a brief outline of the elementary theory of optical imagery. In the next 
sentence he takes it for granted that the reader is acquainted with the funda¬ 
mental principles of geometrical optics. There follow a few sentences which 
do not matter either way and then we find ourselves anticipating a lucid 
account of the geometrical optics of thick lenses, but we learn that the con- 
stractions are “ so familiar that they hardly require any explanation,'^’ Th^ 
certainly do not get it. 
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On the whole the clinical methods described are not those used in this 
country. It is stated that the most useful clinical methods of ascertaining 
the nature and degree of ocular astigmatism ” are Placido’s disk, Gullstrand’s 
keratoscope, the ophthalmometer, the skiascope and subjective tests. In a 
book on physiological optics we might expect a full account of the best and 
most generally accepted method for estimating astigmatism, namely that of 
retinoscopy. We look in vain, however. 

Prof. Southall is obviously much interested in the history of his subject 
and the text is full of quotations from old works and literary illusions. He 
has a real feeling for the past. It is a pity that he is not more sympathetic 
to the present. 

B. J. L. 

Chronic Diseases of the Abdomen : A Diagnostic System. By 0. 
Jennings Mabshall, M.S., M.D., E.R.C.S. [Pp. xvi -f 247, with 
131 figures, including 4 coloured and 78 black and white plates.] 
(London: Chapman & Hall, Ltd., 1938. 25s. net.) 

This book is not only an exceptionally useful work of reference, but it is a 
delight to read. 

As a reference-book for the busy practitioner, it is arranged under headings 
of methods of examination (Part I) and symptomatology (Part II). Under 
most symptom-headings a complete differential diagnosis is given. As a 
book to read it gives a consecutive and clear account of the known chronic 
abdominal diseases. Mr, Marshall does not fail to quote the orthodox, but 
equally does not hesitate to give his own very experienced opinion when it 
is contrary to the orthodox. That his style is racy and his comments often 
inteipolated with dry humour add to the value of the book as well as to the 
pleasure of reading it. The book is illustrated by radiograms, photos and 
graphs, all of Which are clear and illustrate definite points in the text. 

E. P. S. 

HISTORY OF SCIENCE AND PHILOSOPHY 
Oalileo and the Freedom of Thought. By F. Sherwood Taylor, 
Ph.D., M.A., B.So. The Library of Science and Culture. [Pp. xvi + 
212, with frontispiece and 14 figures, including 4 plates.] (London : 
C. A. Watts & Co., Ltd., 1938. Is, 6d. net.) 

The scope of this book is wider than its title might suggest. It is a complete 
sketch of Galilei’s life and labours intended for the general reader, to whom 
it may he confidently recommended. 

Dr. Taylor rightly stresses Galilei’s positive achievements as a discoverer, 
and as a pioneer of the scientific method, rather than his wrongs as a victim 
of the Inquisition. He includes, however, a careful and objective account 
of Galilei’s conflict with the Church, as it must have appeared to the partici¬ 
pants, €uid he quotes extensively from the fundamental documents. He is 
of ihe opinion that Galilei did not suffer torture, but that his condemnation 
for heresy was techni^Hy unsound, since the Copemican doctrine had not 
be^ pronounced by the Pope, or by a General Council of the Church, 

It is a fsmdhfar but the growth of restrictions upon intellectual freedom 

^ upon an study of original materials ; and 

a s^rs^htforward and competent exposition of Galil©i’» 
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principal discoveries and arguments. If one small criticism may be made, 
he seems to have misunderstood the bearing of Galilei’s discovery of the 
phases of Venus upon the Copemioan controversy (p. 67). The occurrence 
of such phases, it is true, did not prove the Earth to be in motion ; but it 
showed, firstly, that the planet Venus was a dark body like the Earth, receiving 
its light from the Sun, and, secondly, that Venus was revolving about the 
Sun, as required by the Copemican, but not by the Ptolemaic, theory. 

The illustrations include three portraits of Galilei, together with reproduc¬ 
tions from his works, and explanatory diagrams. There is also a select 
bibliography of seventy-two books by, or relating to, Galilei. 

A. A. 


Copernicus: the Founder of Modern Astronomy, By Angus 
Abmitage, M.Sc: [Pp, 183, with 2 plates and 37 figures.] (London ; 
George Allen & Unwin, Ltd., 1938. IO 5 , net.) 

This book is a worthy and much-needed addition to the History of Science 
Library. It is not merely a biography of Copemious—^that has already been 
done adequately enough by Prowe and by Birkenmajer : it traces the history 
of hypotheses of the planetary system from antiquity through the Middle 
Ages to the final triumph in the seventeenth century of the heliocentric theory 
propounded by Copernicus in the sixteenth. 

The main part of the book is devoted to a detailed analysis of the De 
RevolutionibiLSf which is studied comparatively with Ptolemy’s Almagest, 
An epilogue describes the vicissitudes of the heliocentric theory after Coper¬ 
nicus’ death. In these days, when the theory is so universally accepted as 
to seem almost axiomatic to the general public as well as to astronomers, 
it is fascinating to read of its early struggles against clerical and political 
prejudice, and indeed against established authority of every kind. 

The treatment will appeal not only to the specialist but also to that wider 
circle of readers whose interest in Copernicus is more as a pioneer in the 
evolution of modem thought than as the foimder of modern non-sidereal 
astronomy. 

A. H. 


Tlie Collected Works of George Abram Miller. Vol. II. [Pp.xii + 
537, with frontispiece.] (Urbana: University of Illinois Press, 
1938. $7.50.) 


The period 1900-07 covered by the second volume of Prof, Miller’s collected 
works was one in which the number of articles on ^oup theory published in 
English considerably exceeded those in all other languages together. In 
Ainerica it was a time of ever-growing vitality, symbolised among other 
incidents by the foimding of the “ Transactions of the American Mathematical 
Society.” The schools working under the direction and inspiration of L. E. 
Dickson and G. A. Miller developed the pioneer work of the French, German 
and Italian mathematicians of the previous generation ; in Europe, 
Burnside was the outstanding and most active figure. 

The volume opens with an eighteen-page “ Note on the history of 
theory during the period covered by this volume,” specially contribtited-b^ 
Prof. Miller. Two problems bequeathed by the nineteenth 
twentieth were solved early in the pOTiod in q:ues^on;; 
transitive group of degree n involves exaicpy 



SCIENCE PBOCBESS 


430 

degree, then these substitutions together with the identity always constitute 
a group; and the second that every group whose order is not divisible by 
more than two distinct prime numbers is solvable. The induence of both 
these problems is reflected in several of the papers reprinted in this volume. 
A third problem did not reach its solution until the end of the period, namely 
that the enumeration of all finite groups of coUineations in three variables, 
which was begun by C. Jordan in 1878 and later supplemented by F, Klein 
and H. Valentiner, is actually complete. This was finally established by 
BL F, Blichfeldt in 1907. 

During the period represented by this, volume, Prof. Miller published 
nearly one hundred and fifty mathematical papers, including articles and 
reviews, in American, English, French, German, Italian and Polish periodicals, 
in. almost as many languages. One hundred and seven of these papers 
are reprinted here in fhll, the remainder are recorded by title. A mere half- 
dozen of the reprinted papers are of an elementary or popularising standard ; 
the remainder represent definite contributions to group theory. The volume 
ends with a sketch of “ Primary facts in the history of mathematics ” (36 pp.) 
specially written to emphasise the facts that inspired Prof. Miller’s writings 
on historical topics. 

Again we congratulate and thank the University of Illinois, and look 
forward to the third (and how many more ?) volumes. 

E. L. L 

A History of Science, Technology, and Philosophy in the Eighteenth 
Century. By A. Wolf. History of Science Library. [Pp. 814, with 
346 figures, including 128 plates.] (London : George Allen <fc Unwin, 
Ltd., 1938. 25s. net.) 

The first volume of Prof. Wolf’s history of science appeared in 1935, and the 
preset volume carries the story into the succeeding century. Those who 
have used the first volume will be familiar with the general plan of the work, 
but it may be mentioned that it deals with topics, starting with the “ exact ” 
sciences of mathematics and astronomy, passing through physics and ohem- 
®try to the natural sciences of botany, zoology, geology and geography, to 
medieihe and technology, and concludes with philosophy. This plan has 
obvious advantages and is perhaps the best for a large work, but it has the 
<Mfeiactvahtage that the w'ork of several scientists must he divided. In some 
eases there is overlapping, as when the biography of Wilcke appears twice. 
It is no doubt diflacult for an editor to avoid this before an index has been 
drawn up. The biographies appear in certain sectiojis and it would seem 
desimble in future volumes to mark these by heavy type in the index. There 
tWHoty references to Black, for example, and nine of them must be 
^fore the biography is found- The book is amply illmtrated by 

portraBs* 

A work of this size would be of little value unless extensive use had been 
made of preparation, and there can be no doubt that 

this has been 3^ mc^t cases references are given, but some seotiom 

are not so well docum^ted as others, and the book would have been improved 
if bibliography had been fuller. 

: Tl^ author has provid.ed us^ul shoxi} siimmaries and appreciations in 
peaces. The book is commendably free from that type of scientific 
■ half-baked knowledge of the history of soioiica to 
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expotmd some political or economic fallaoy. In his general introduction 
Prof. Wolf tells us that the eighteenth century was notable for its rationalism, 
humanism and internationalism, and he at least knows what he is talking 
about and his opinions command respect, although we may not always agree 
with them. 

The sections on mathematics, mechanics and astronomy have no great 
discoveries to chronicle, as the period was one of consolidation and systematisa¬ 
tion rather than originality. The sections on astronomical and marine 
instruments are very interesting, although here, as in some other places, the 
illustrations are not sufficiently explained; the lettering, for example, is not 
mentioned in the text. The chapters on physics, classified under the headings 
of light, sound, heat, electricity and magnetism, are among the best, and 
since important discoveries were made in these sciences in the eighteenth 
century, they are of uncommon inter^t. Particxilar attention is directed to 
measuring instruments, such as thermometers, calorimeters, electrometers 
and photometers. Other kinds of measuring instruments are described in 
the sections on meteorology. 

The sections on chemistry are very well written and, in view of the 
important developments in that science made in the century, might have 
been longer, some other less important matters (e.gr. the history of fireplaces) 
being ctartailed. The natural science come in for interesting and well 
illustrated treatment. 

The eighteenth century was a period of great activity in the development 
of technology, and the sections on this subject are very readable and useful, 
that on the steam-engine being especially noteworthy. The fact that many 
inventors were shamefully exploited by business interests, especially in 
England, although not specially emphasised, ©merges clearly. This part of 
the work includes sections on mining and metallurgy, industrial chemistry, 
instruments, calculating apparatus and telegraphy. More references to 
sources would have been welcome in many parts. 

The concluding part of the book gives a concise but informative survey 
of the social sciences, psychology and philosophy, and is noteworthy for the 
many quotations from original sources. 

Prof, Wolf’s second volume is a serious contribution to scholarship and 
has been written with care and accuracy. It deserves to be widely read 
and it is to be welcomed as a genuine historical work, written by specialists. 
Every science teacher and student should find it helpful and suggestive in 
his work. Many parts of it will be found intelligible and interesting by the 
general reader. 

J. R, P. 

A Short History of the Steam Engine. By H. W. Diokhtsoit. [Pp. 
xviii + 255, with 11 plates and 78 figures.] (Cambridge : at the 
Umversity Press, 1939. 15a. net.) 

Those familiar with Dr. Dickinson’s studies of James Watt and Matthew 
Boulton will look forward to opening his latest work. Divided into two 
sections, the first dealing with the history and development of the reciprocat¬ 
ing engine, and the second with the steam turbine, this lustorioal stii^ 
provides a useful book of reference to the engineer, and, for its 
short length of 250 pages, includes a remarkable wealth of det^^ ! . i 

The possible criticism that insuffident attmiaon has beeh to i 
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locomotive and the marine engine is unwarranted, though perhaps the title 
might have been better chosen to stress the fact that these two extensively 
existing types of steam engine had not been included within the survey. 

The book serves to bring out in true perspective the debts which civilisa¬ 
tion owes to Watt and Trevithick for their revolutionary inventions in carrying 
the development of the steam engine many strides further during their 
respective lifetimes. The inventive genius of Thomas Savery, who set up 
the first steam engine workshop in the world, the work of Newcomen with 
his movement of the valves by beam motion, and the part played by Smeaton 
are set out in clear and coimected form. Watt’s addition of the condenser 
and as originator of engine performance tests and the centrifugal governor, 
not to speak of the expansive working of steam, form an attractive section 
of the study, whilst the story of Trevithick’s realisation of the value of 
pressures, his steam carriage, steam locomotive and the use of a fusible plug 
follows in due rotation. 

The benefits derived from Whitworth’s machine table, Murdoch’s slide 
valve, Beiliss’ forced lubrication and the Babcock Wilcox water-tube 
boiler, all fit neatly and easily into this well-threaded lineage of steam-engine 
development. Admirably told is the romantic history of the work of Sir 
Charles Parsons, his energies and his difficulties. 

Replete with a lai^e number of reproductions and concluded with a valu¬ 
able index, this work redounds to the credit of the author and very greatly 
to that of the Cambridge University Press. The type is admirably set, and 
the illustrations clearly spaced and well delineated. 

0. E. R. SHEBBnsraxoN. 

The Marxist Philosophy ajnd the Sciences. By J. B. S. Hauoaoti, 
F.R.S. [Pp. 183.] (London: George Allen & Unwin, Ltd,, 1938. 
5si net.) 

This little book is almost too full of interest and, as the author implies, it 
provokes controversy—most of the questions asked resemble the relation 
between brain and mind, which in principle is not an insoluble problem, yet 
caimot be solved except in the most summary manner until we know a very 
great deal more about the brain. What is Marxism is especially difficult to 
answer. It has been defined as a complete Theoretical system—^but in the 
same paragraph we are told this is not true. It is not a system, and only 
secondarily Theoretical* It is not complete because it is alive and growing 
and lays no claim to fibiality. It is a method, and although Theory is essential 
to Marxism, Marx “ proclaimed the primary of practice over Theory.” 

This book is based upon the Muirhead lectures on political philosophy 
delivered in fhe University of Birroingham in January and February 1938 
smd adcke^d to scientific workers and students. 

PmfvB^dane is a liew adherent His reason for publishing 

the lecihi^ i^y^y that he thinks Marxism is true and in view of the 
ci the subject he hoped to interest a wider audience. 
It ajypeil especis^y to students of philosophy, biology, psychology, and 
reader must be prepared for much effort of concentration 
; as is mmany places not easy, especially in the sections on psychology 

asd-and mt^t expect disappointinent if he anticipates a 
^ ; ^ the rdations of Marxmn.to Bdence. 

'■ " -P. j; 
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MISCELLANEOUS 

Van Nostrand’s Scientific Encyclopedia. [Pp. viii + 1234, illxis- 
trated.] (New York : D, van Nostrand, Inc. ; London : Chapman <& 
Hall, Ltd., 1938. 605. net.) 

The name of Van Nostrand is famous in America in connection with scientific 
publications ; the name of Chapman & Hall is famous here amongst pub¬ 
lishers : this volume, therefore, attempts to make the best of both hemispheres. 

The inevitable “ sulfur ” and “ fall,” and the unexpected legacy of the 
wild and woolly west in “ corral ” for “ gather together,” many examples 
of geology, certain ordinances and specifications, and a very good article on 
“ Water Supply,” make Httle appeal to us, as being too American. But 
apart from these examples and some others there is justification for almost 
unstinted praise. Twenty-one prominent Professors of American Universities 
have controlled over 10,000 scientific terms in a volume that is intended to 
be of value to both the layman and the technician. It covers chemistry, 
physics, mineralogy, geology, botany, astronomy and mathematics, with 
navigation, medicine, and civil, mechanical and electrical engineering, as well 
as aeronautics which takes a prominent place. 

Some irregularity in the handling of subjects is almost inevitable. We 
find the ** Lamarckian Theory ” but not the Darwinian Theory ” ; “ Scro- 
filla ” but not “ Lupus.” And “ Concrete ” contains no explanation of the 
mystic figures (to the Layman) of “ 1 : 2 : 3 ” and the like. There is some 
repetition in “ Spleen,” and “ Water Wall ” leaves the reader a little puzzled 
as to its purpose. 

A welcome feature are the short but informative biographies of Bessell, 
Newton, Galileo, Kepler, Laplace, Newton and Ptolemy (the Geographer), 

It is remarkable that only one misprint has been found, perhaps it is 
actually the only one in the book, and that is trivial and obvious—“ bitumin ” 
for “ bitumen.” 

This Scientific Encyclopedia is without doubt a most useful and attractive 
volume for those seeking information in a condensed and human ” form, 
with an excellent impartiality when dealing with controversial matters- 

Percy E. SpibiiMann. 

Das Mikroskop. By Dr, Phil. A. Eheinohaxjs. Second edition. [Pp. vi 
+ 166, with 83 figures.] (Leipzig and Berlin : B. G. Teubner, 1938. 
Price abroad, RM. 2.70.) 

Dr. Ehbinghatjs has produced a concise treatment of the general principles 
and applications of the microscope. The two opening chapters deal with 
image formation by lens systems including lens aberrations, leading up to 
hand magnifiers. The compound instrument is dealt with at some length, 
including a tabulated description of the procedure involved in the correct 
setting-up of the microscope—a valuable asset. Methods for the determina¬ 
tion of the optical constants of objectives and eyepieces are given, and 
resolving power tests are discussed. The generally known methods of 
illumination for transparent and opaque objects are quoted together with 
dark-ground illumination and the ultra-microscope. A section is devoted 
to the measurement of microscopic objects dealing with length, thickness, 
and angle measurement. The mounting of objects is also included. Brief 
treatment of the application of polarised light to the microscope, the use of 
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ultra-violet light with the microscope, and the so-called electron microscope, 
is given; but these subjects are treated too briefly. In a book of this 
size it would have been helpful if a list of references had been given in 
connection with the last two named modem aspects of microscopy; and 
indeed this remark applies to all sections throughout the book. Apart from 
this defect, the book will be found useful to any serious student of microscopy. 

B. R. Johnson. 

The Mind of Primitive Man. By Franz Boas. Second edition. 
[Pp. X + 285, with 3 figures.] (New York and London : Macmillan & 
Co., Ltd., 1938. 12s. 6d. net.) 

It is very much to be doubted if on the first appearance of this book some 
twenty-eight years ago (first edition 1911) any reviewer would have felt that 
the keynote of the whole thesis was the strong undercurrent of common sense. 
Many realised that the work of Franz Boas was original and daring : there 
were few prepared to See in his writings, regarded at the time as somewhat 
speculative, that background of common sense that seems so conspicuous to 
the reader of to-day. It is probable that when the main thesis was delivered 
as an address in 1896 the audience were impressed far more by its daring 
than by an orthodoxy that now seems so apparent. Herein lies a great 
tribute to Franz Boas : and it is a personal satisfaction to the reviewer that 
to-day he may dismiss as almost commonplace the views against which 
popular prejudice rebelled on their first presentation. In brief, Boas, in his 
original address, called in question the popular thesis of the fundamental 
importance of racial type and the doctrine of the connection between hypo¬ 
thetical racial type and the possession of definite mental or psychological 
attributes. In 1911 no political atmosphere lent any added importance to 
the multitude of facts adduced by Boas in support of his main thesis. But 
in 1939 there is a difference in atmosphere which Boas himself notes in his 
preface as the subjugation of science to ignorant prejudice in the countries 
controlled by dictators.” In these days when wholly false doctrines of 
race” and of racial superiority are freely broadcast through the world, 
the reissue of this eminently sane book is peculiarly welcome. It is very 
much to be hoped that the doctrines of Franz Boas will gain wide currency in 
a world troubled by false teachings concerning the questions of race and 
racial attributes. It would be a good thing if his dictum that"" a close con¬ 
nection between race and personality has never been established” could 
become the slogan of a newer propaganda. 

• F, W, J. 

^Asoaris; Tlie Biologist's Story of Life. By Dr. Riohard Gold- 
[Tp. viii -j- 312, mth 78 figures.] (London : The English 
Ltd., 1938. 10a. 6d. net.) 

: professor of Zoology of University of 

a most useful form of science 
; prim^ for biological training is so urgent, will be a 

valuable help to s©o<»3dary-®^ tethers and those who may be responsible 

dieiiir^ts of biol€>gy to the young and unmstructed. 
book starts/with the consideration of the simple parasitic intestinal 
by way of respiration, circulation, body 
muscle €tod isrerve structure, s^ose organ, etc.—€md after touching on 
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Metabolism and renal excretion concludes with chapters dealing with heredity, 
mendelism and development. This is an easily written book and the ntirsery 
style is persistently maintained, but it is probable that most readers will tire 
of the author’s zeal and wish for a less-comprehensive treatment of the 
subject. A dissertation on haemophilia seems to be tmasked for—^and 
Metabolism ” is surely a subject for more advanced students than those 
this little book purports to attract. 

P. J. 

Wild Country: A Highland Naturalist’s Notes and Pictures. 
By F. Fraseb Daeldtg. [Pp. viii + 104, with 82 illustrations.] 
(Cambridge : at the University Press, 1938., IO 5 . 6d. net.) 

The miniature camera has won a sure place as a means of presenting to the 
people aspects of nature which lie outside their experience, and Dr. Darling 
has made good use of his Leica in amassing the miscellany of 82 photographs 
in this slim book. I mention the photographs first because obviously they 
form the backbone round which the text has been built. Some show a real > 
feeling for beauty, like the English willows, sea-pink, the young gulls on 
p. 19, and the “ fairies of the lochan ”—^a weird picture, but all illustrate 
features of scenery or characteristics of birds and mammals to which the text 
makes apposite reference. Although the photographs came first in time, the 
text makes a very good second. It discusses subjects which range from the 
Scottish highlands and islands and their inhabitants, to the fallow deer of 
English parks, and always it is charming in the ease of its style. It has the 
further merit of adding to the description of characters and habits suggestions 
of the deeper interests of animal life, such as protective coloration, infant 
protection and mortality, defence reactions. An odd mistake is the state¬ 
ment (p. 78) that the upper jaw of the crocodile can move independently of 
the head. 

J. R. 


The Cambridge Region. Edited by H. 0. Dabby. [Pp. xiv -b 234^ 
with 58 figures.] (Cambridge : at the University Press, 1938. 65 , net.) 
In' 1904 when the British Association for the Advancement of Science came 
to Cambridge the Nature^ History of Cambridgeshire was published under the 
joint editorship of Marr and Shipley. This work served as text-book and 
reference-book on the Natural History of the county for many generations of 
undergraduates and others. Now, after some 34 years, the Association has 
again met in Cambridge and naturally a new handbook was needed for the 
meeting. 

In Dr. H. C. Darby they found a most competent editor. The book 
more or less follows the classical lines of a British Association Handbook, 
but some sections have been enlarged upon more than others. 

This is particularly the case in the more geographical aspects of the region^ 
for, whilst the first 80 pages are devoted to the various aspects of the Geology, 
Botany and Zoology of the district, the remaining 160 pages deal with 
History, Agriculture, Industries, Fen drainage, etc., from the e^li^ 
up to the present day. In this respect it covers a much wider field titans 
■predecessor. ; . >v•v4^';1^J;^4' 

The book has some 34 contributors, mostly inembers of 
and each an expert in the branch on which he writes ^ we 
up-to-date summary of each subject wi^. allj^ 
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There are nirtnerous references to the more detailed papers on which the 
articles are based, so that further information on any point can easily be 
looked up in the original paper; some information and certain maps are 
published for the first time. 

The work will remain the most accessible and most easily assimilated 
source of information on the region for many years to come. 

The numerous maps are clear and the general printing is of that high 
standard which is expected in a book printed at the Cambridge University 
Press. 

W. B. B. K. 

The Science of Production Organisation. By E. H. Anderson, 
Ph.B., and G. T. SoHWBNNiNa, Ph.D. [Pp. x -f 282.] (New York : 
John Wiley & Sons, Inc.; London: Chapman Sc Hall, Ltd., 1938. 
17^. 6d. net.) 

This book consists of an outline and description of the fundamentals under¬ 
lying the process of organisation for effective production. The writers hold 
that there is a science of organisation and that the science is the product of 
evolution rather than of a single theory, having been evolved by aggregation, 
by combining and blending the ideas and practices of many people rather 
than by reasoning from the premises of a few. 

Prom the point of view of the student of these problems a noteworthy 
feature of the work is the lengthy and verbatim quotations from the relevant 
authors. The terms used are clearly defined, the need for which is well 
brought out by a consideration of the varied meanings attached to such words 
as organisation, administration, management. The evolution of the theory 
of organisation from Adam Smith to Taylor and his followers is discussed; 
also the organisation of work, including a reasonably detailed account of 
the GEbreth system, types of organisation and a consideration of the advan¬ 
tages and disadvantages of each, and finally the fundamental principles and 
laTO underlying organisation. 

Organisnition problems are studied from the point of view of the work to 
be <k>ne and of tbe persoimel who do it. 

The goal of scientific organisation is expressed as the making out of a 
group of individuals, a perfect organisation for service that will operate with 
the maximum efficiency and harmony. 

M. S. 

Statistical Methods for Research Workeira. By B. A. Fisher, Sc.D., 
F.B.S. Seventh edition. Biological Monographs and Manuals, No, V. 
pPp, xvi 4* 356, with 12 figures.] (Edinburgh and London : Oliver 
; 7 ^ JBoyd, 1938. 16^. net.) 

Th^ edition, of the well-known work appears only two years after the issue 
of^ a stat^tlc&d.fact which is indicative both of the 

importance of statistical methods 

■' m, solentifie; 

*2^ sed^ch tto fitting of curved regre^ion lines bftr<^ been 

expanded. method fe that of succe^vely findi ng the straight line 
equaMon, then that of the parabola^ then that of the cubic, and so on. The 
: of the prqbldn is, of course, that which is emphasised here, 

. A new sectidi has bedx xnt3?oduced» Xt relate to the of 
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groups by means of multiple measurements. The problem is to find the 
best possible linear compound of a set of measurements which distinguishes 
between two groups. The necessary technique is given here with appropriate 
illustrations. 

E. 0. R. 

An Orientation in Science. By C. W. Watkeys and associates. [Pp. x 
4- 560, with 281 figures.] (New York and London: McGraw-Hill 
Publishing Co., Ltd., 1938. 215. net.) 

In their preface the authors describe this book as “a sxirvey of natural 
science as developed during the past ten years at the University of Rochester.” 
It is really a small but comprehensive encyclopaedia of scientific knowledge 
devised; after strict limitation of methods and technical detail, to supply 
the need rather of the lay reader than the student. It is not possible for a 
single reviewer to express an expert opinion on all the parts of so vast and 
various a field as that comprised in this volume, but after reading several 
sections it must be admitted that there will surely be few readers who can 
fail to derive both instruction and pleasure from these pages. 

It is a drawback that the introduction of illustrations necessitates the use 
of surface paper which makes for a book too heavy to hold with comfort. 

P. J. 


An Approach to a Philosophy of Education. By T. H. Eaton, A.B., 

M.A., Ph.D. [Pp. X -i- 273.] (New York : John Wiley & Sons, Inc.; 

London: Chapman & Hall, Ltd,, 1938, 125. 6d. net.) 

In the United States it is customary to use the term philosophy of education 
where a British writer—^through fear of seeming to claim too much—^would 
prefer to speak of principles of education. It must, however, be admitted 
that the character as well as the competence of Dr. Eaton’s treatment of his 
subject would justify its appearing anywhere under the loftier title. The 
book is divided into two parts : the first dealing mainly with the backgrounds 
of the aim of education, the second with the implications of the theories 
advanced in the first. Part I, after defining the concepts of “ environment 
and social behaviour, proceeds to examine the values inherent in human life 
studied as a biological, a psychological and a social phenomenon. From the 
biological point of view success is the master-idea; but, in considering the 
inner life, the dominant notion is experience. The elements that emerge in 
social life and its institutions are to be valued by reference to the same two 
notions ; and Dr. Eaton’s clear and penetrating analysis makes the chapter 
devoted to this part of his theme especially valuable. In applying his theories 
to education. Dr. Eaton acknowledges the guidance of the late Sir John 
Adams, taking from him the concept of “ hi-polarity ” and its implications. 
In the mam, however, the applications follow directly from the arguments 
of Part I. Some are striking, perhaps even disturbing. For instance, the 
theory of biological success turns out to justify mass-production by the most 
hard-cased educational “ go-getter,” and a type of school in which the 
teacher is merely an artisan; but, in developing the values inherent in 
experience, utterly different methods are called for, and teachers become 
artists clothed with spiritual authority. How these contradictions are to 
be harmonised is not made clear, but they leave an extremely interesting and 
important problem for the reader to reflect upon. The same may be said 
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of the proposals with regard to. the correlation and integration of studies with 
which this suggestive book ends, 

T. P. N, 

Creative Teaching : Industrial Arts and Vocational Education. 
By F. T. Stbxtok, Ph.D. [Pp. xxvi + 623, with 60 figures.] (New 
York : John Wiley & Sons, Inc.; London : Chapman <&; Hall, Ltd., 
1038. 175. 6d. net.) 

This is truly an imposing work, its six hundred pages being close-packed with 
an immense amount of information. The author is very fond of tabulating 
the findings of various investigators for the sake of better organising his 
condensed material. The documentation and references throughout are 
outstandingly complete within the limits of being rather exclusively American, 
q.Tid the numerous photographs are well chosen. The “ practical suggestions 
for teaching,” as well as questions for discussion by the student, and recom¬ 
mendations for supplemental reading which follow the chapters in the manner 
of American text-books, honour a custom which is highly useful- 

The pursuit of thoroughness leads sometimes to slight naivety, as where a 
long “ rank-list of desirable teacher-traits ” such as “ breadth of interest,” 
“ self-control,” etc., is described at a length of one paragraph each; and 
the same is done more briefly respecting ‘‘ things for which the ideal teacher 
stands.” 

About a page and a half is devoted to the “ sources of motives.” In a 
work of four hundred times this length and of such general completeness of 
treatment, such a handling of so large a topic is not even comic relief and would 
much better have been omitted entirely, as it is not very relevant. In 
■contrast to this, the twenty pages on “ teaching pupils how to study,” 
includii]^ useful hints on the psychology of the subject, constitute one of the 
^thor^s best worked-out chapters; and it is supplemented by others on 
** ihe art of questioning,” “ visual sensory aids to instruction,” etc. 

The above facts constitute for the book an extremely broad approach to 
its topic, so realising Dr. Struok’s expressed intention that it should appeal 
to students majoring in general education. 

The woik is, nevertheless, chiefly “ written for teachers of industrial arts 
and vocational industrial education.” Sometimes the text appears to wander 
away fipom this aim somewhat and to be more concerned with the general than 
"mth the specific field. Concrete applications are, happily, taken from the 
teaotog of industrial processes, and so, even more especdally, are most of the 
26 ^bulations and all of the collection of 60 splendid illustrations. 

Bryns Hopkins. 

for Democracy. Edited by J. I. Cohen, M.A., and B. M. 
W. Teavsjbs, B.So. [Bp. xxx 4- 458, with 4 plates.] (London: 
liiacmillan & Co., Ltd., 1939, lOs. 6d. net.) 

Thes hook is a coUecflon of essays by various authors expressing their views 
on the relati<m of education and training of children, adolescents and adults 
to Ihe present urgent necessity for preserving democracy through its difficult 
and stormy journey. Like all collectioim, the value of the individual essays 
poakes variable appeal owing to the degree of expertness and experience of 
the author and to an ine^ 

s ^ Chk ihe whofe, the editors have planned well and have written a most 
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useful and interesting editorial introduction. Essays by Sir P. Hartog— 
“ The teaching of the mother tongue and the formation of the citizen ” and 
“ The place of examination in the Social system ”—are excellent and informa¬ 
tive, and contrast with several others in which the authors suffer from a 
nervous addiction to adjectival redundance and a false modesty which avoids 
committal of any useful conclusion. 

As in the preceding volume, Hunmn Affairs, arranged by the same editors, 
there is a tendency now prevailing among young authors to hurry “ Psy¬ 
chology ” and “ Social Science,” both of them immatirre pursuits, into 
positions to which they are not entitled. 

Wrapping ingenious theory in a smoke-cloud of words does not make a 
science. 

P. J. 


English, for Students in Applied Sciences. By S. A. Babbaboer, 
W. R. DxnsoiE, W. H. BtaDRETH, and Bert Emslby. [Pp. xiv -{- 260, 
with 11 figures.] (New York and London : McGraw-Hill Publishing 
Co., Ltd., 1938. 12s. net.) 

How far do teachers of science make any serious attempt to ensure that their 
students write reasonably clear and intelligent English ? To the present 
reviewer (who is not a scientist, but who has made some contacts with science 
students through examining the essays of scholarship candidates), it has often 
seemed that they have been treated far too leniently in the matter of setting 
down their ideas. There can be no excuse for a man expressing himself in a 
slovenly fashion because his subject is scientific ; indeed, if he has been 
trained to think accurately it is almost impossible that he should do so. One 
is not asking the science student to produce “ literature,” but only to set 
down his thoughts tidily and efficiently; and one can hardly help suspecting 
that if incompetent writing were frowned upon more severely by his teachers 
it would become far less common than it is. 

The four authors of English for Students in Applied Sciences are aware of 
the student’s needs, and have much sensible advice to offer him on the use of 
words, on making outlines, on writing reports. Unfortunately their own 
English is sometimes that of a committee ; and the reader who opens their 
book at the Preface is not likely to feel tempted to proceed any further. 
“ This text for beginning college composition courses deals with English for 
students in colleges of applied sciences.” With those ambiguous words the 
text-book is launched upon the literary market, Text ” may be good 
American for “ text-book.” But what part of speech is “ beginning ” ? 
It is only fair to add that when the book gets under way it improves on this 
standard of writing ; and if allowance is made for a number of words like 
“ subscript ” which are not likely to be familiar to the English reader, it 
should offer some useful training in literary method to the science student who 
finds difficulty in ordering and expressing his ideas. 

J. R. S. 

The Subject Index to Periodicals, 1938. [Pp, xxix + 644 columns.] 
(London : The Library Association, 1939. £3 10^. net.) 

The scientific worker who desires—as who does not ?—^to keep pace with the 
publications of others interested in the same field, has cause to bless those 
who make it their business to abstract, index, and arrange the vast flood of 
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material which pours annually from the printing presses of the world. The 
diligent individual probably misses little to which reference is made in the 
recognised bibliographies of his subject, but he is not likely to examine 
regularly the many journals of a general nature, any of which may from time 
to time include an article of importance to his work. Just for this reason 
should his attention be drawn to the excellent service which the Library 
Association continues to render each year with a punctuality, comprehensive¬ 
ness, and accuracy which deserve all praise. The Subject Index to Periodicals 
deliberately excludes reference to papers appearing in journals indexed by 
such well-known publications as Engineering AhatractSt Index Medicm, Science 
AbatractSy and the like indexing or abstracting periodicals of established 
authority, while devoting its attention to 580 periodicals covering a very 
wide range of subjects which are here arranged in a single alphabetical list. 
Quite general periodicals, like Science, specialised journals, such as The 
Journal of the Royal Aeronautical Society, and the publications of local 
societies, of which The Proceedings of the Dorset Natural History Society is an 
example, are all indexed with equal care by the energetic team over which 
Mr. T. Rowland Powel presides as General Editor. 

J. W. 

Cataloguing in Special Libraries : A Survey of Methods. By 
John L. Thornton, A.L.A. [Pp. xii 4- 268.] (London: Grafton & 
Co., 1938. 105. 6d. net.) 

This book is the result of an enquiry into the methods of cataloguing in txse 
in special libraries. The term “ special ” is used in its broader sense to 
include all libraries other than public and county libraries. 

The cataloguing of university libraries, medical and scientijdc libraries, the 
libraries of learned societi^ and institutiozis, government libraries, business, 
ccRumemial and technical libraries, libraries of national importance, school 
and polytechnic libraries and other types of special libraries, is discussed. 
In every case typical examples of such libraries in the British Isles are chosen 
for illustration, and their methods of cataloguing and problems are discussed, 

A chapter is devoted to the cataloguing of serial publications and another 
to the difficulties of alphabetisation. 

Statisties are given concerning the cataloguing codes used, the forms and 
types of catalogue provided and the schemes of classification in use in different 
libraries. 

In conclusion, the author deplores the lack pf xaniformity in cataloguing 
methods in this country, but points out that the requirements of readers using 
the differatjt types of libraries vary greatly^ and that their convenience should 
have the first consideration when choosing the cataloguing system to be used. 

: The book is primarily of interest to the trained librarian, and serves as a 
record the methods of cataloguing in use in this country. 


M. S. 
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ATOMIC ENERGY^ 

By Sir CHARLES DARWIN, K.B.E., M.A., So.D., P.R.S. 

Director of the National Physical Laboratory 

The purpose of this paper is to give some account of the theories 
which have led, from stage to stage, to the discovery of means 
whereby it is possible to utilise atomic energy. Something will be 
said about the final stages, but the main purpose is not so much 
to discuss them as to use the whole story as an illustration of the 
development of a range of scientific thought. Most e^ctending 
developments of thought borrow ideas from such a wide field that 
it is dijBGlcult to explain them without expanding out over an ever- 
widening field of knowledge ; my present subject is rather more 
compact, so that it will be possible to present it as a whole, 
without having to branch out too widely into remote fields. 

I would like to make a point of personal explanation before 
going further. It was my good fortune to be in Rutherford’s 
laboratory in the earlier days of some of the work I am going to 
describe, so that I was in close touch with it; of aU the later work 
that has been mueh less the case, and I can claim nothing but 
derived knowledge of its later phases, though I have been enabled 
to follow them fairly closely through the chance that I have had 
the privilege of serving as a member of one of the committees 
connected with the developments that led to the atomic bomb. 

At the end of the nineteenth century physical theory had reached 
a rather definite stage, and seemed to many to have arrived at a 
certain completeness which left little for the future beyond an 
improvement in accuracy of measurement, and the dotting of a 
few i’s and crossing of t’s. The atomic theory of matter wafi| qui|je 
firmly established—^mainly from chemical evidence—^but atoms w^ 
stiU regarded as rather h3rpothetical quantities, because no onoh^ 
seen them, and it was fislt that no one ever would. To ilh^ta^ate 

^ Based on a lecture delivered to the Birmingham and Midland 
October 1945. ^ 
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this vagueness it may be mentioned that there was still much 
doubt concerning the size of the atoms or, to put the matter more 
precisely, as to how many atoms there are in a cubic centimetre 
of water. There had been some quite good guesses at this, but 
also some considerable divergencies, and if anyone had had groimds 
to put forward a value of this number, say double that of most 
of the previous ones, no one would have condemned it out of hand. 
To show the progress made since then, if someone now produces 
a value differing from the rest by more than one part in a thousand 
he will have hard work to convince his colleagues of its correctness. 

All this was changed in a few years by the discovery of radio¬ 
activity in 1896 by Becquerel and the Curies. The first thing 
this showed was that atoms, previously regarded as immutable, 
did in certain rare cases have the capacity of changing, so that 
a piece of the element uranium would slowly turn itself into lead. 
The property of radioactivity which led to its discovery was the 
capacity for fogging a photographic plate ; this led to a study of 
what the radiations really were which were emitted, a matter 
worked out largely by Rutherford, and as it is the very heart of 
our subject I must spend a little time describing them. They fall 
into three quite different classes which he called a, /3 and y. The 
oc-rays are Very intense, but have little penetrating power. They 
can otaly go through an inch or two of air, or a thin sheet of India 
paper, but in conditions when they are not blocked out by obstacles 
they produce effects mtich greater than the or y-rays. The 
a-ieays were shown to be helium atoms projected at a very high 
^eed and carrying strong positive electric charges; they are the 
, tot examples known of atonaic projectiles, of which we shall come 
across other types later. The jS-rays are much less intense, but 
have much more penetrating power; a /S-ray would go through 
perhaps a board a quarter of an inch thick. They are simply elec¬ 
trons, the very light particles with a negative charge which play 
such an important part in wireless valves, but many of them 
eome out of the radium at a speed approaching that of light. The 
y-rayS are in fact extremely peaetratting X-rays,: and so are, 
phy^c^y speaking, the same thing as light. ^ 

‘ of the atom we shall con- 

tfiittally be omaddeiing whether the change is connected with ^me- 
th&g ^ tire y dr j^ or ot type, that w with the etaissioJl of radiationj 
erdf eleotrp^,' or of atomie partioles, and we shall fihally see i^at 
it*waS'%8 discov^ of yet^ fourth-^pe of behaviour that led 

was Rutherfordmb^ than anyone else who made these 
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coveries, and it was he who perceived that these projectiles would 
provide probes for jS^nding out what had hitherto been a complete 
mystery, the structure of the atom itself. Here begins our actual 
tale. The a-particles were shot through thin films of gold foil and 
a study was made of what happened to them in the foil. The two 
things that can be studied are their loss of speed and their changes 
of direction or scattering. The loss of speed is the easiest to observe, 
but as it happens^ for technical mathematical reasons, it is much 
harder to work out its theory and more definite information could 
in the first place be derived from the scattering. The experiment 
consisted in this. A narrow beam of a-particles passed through a 
gold foil and on the other side it fell on a suitable screen whicln 
showed a faint scintillation whenever an a-particle struck it. For 
the experimenter the work is very tedious since he has to adapt 
his eye to see the scintillations; and this means sitting in the dark 
for at least half an hour before commencing work, and remaining 
there till the experiment is over. If there were no gold foil in front 
of the screen scintillations would be seen at a place in the line of 
the narrow beam, but none outside, but when the foil is there 
a few are seen scattered a little outside the original line of the 
beam. Rutherford assumed that this scattering was due to the 
collisions of the a-partioles with electrons, as it was already known 
that there were a good many of these in the atoms of all matter. 
The measurements then gave an answer to the question of how 
many such electrons there were, and the answer for gold was roughly 
a hundred in each atom. For foils of aluminium a similar experi¬ 
ment gave an answer of about ten or fifteen, and the general rule 
seemed to be that the number of electrons in any atom, is something 
like half the atomic weight. 

This was an important if not very accurate result, but it was 
not this itself that led to the really exciting consequences. In the 
course of their experiments the observers had naturally looked at 
their screen a good long way off the original beam to see whether 
any would b^ scattered so strongly, and they saw a few scintilla¬ 
tions there too. There were not many of them, but there, were 
far more than there should be if they were to be attributed to 
scattering^byvthe electrons. Indeed, a few were thrown right back 
by the foil. Rutherford made the guess that it was not possihfe 
to regard these ae due to a cumulative effect oorning from a lot of 
electrons, but that there must be some other obstacle whxA wbfild 
on rare occasions by a single act turn the path of an 
quite a new directicm. He made the hypoth^is t^^ 
had a heavy nucleus^ which was yery fipuafl so th^ it was 
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hit by the a-particles, but when it was hit the a-particle would 
bounce oflf it. He worked out the theory ; it was duly verified in 
all its details and gave the structure of the atom which has ever 
since been accepted as correct. 

Here is the result. The atom of each chemical element is com¬ 
posed of a very small heavy nucleus carrying practically its whole 
mass and a large electric charge. The charge provides the force 
which pushes the a-particle off, and the mass the stiffness which 
prevents the a-particle from simply brushing the atom aside. It 
is the charge that determines the chemical character of the element, 
and measured in the appropriate units they run from 1 for hydrogen, 
.2 for helium, 6 for carbon and so on up to 92 for uranium. The 
corresponding weights, also measured in units of the weight of 
hydrogen, start at 1 for hydrogen, 4 for helium and end at 238 
for uranium. The a-particle is itself simply the nucleus of a helium 
atom. It is these two characters, the atomic number (that is the 
electric charge) and the atomic weight, that will be our concern, 
but before passing on I ought perhaps to complete the picture by 
saying a word about the rest of the atom. The very strong posi¬ 
tive charge of the nucleus attracts round it a very strong neutralis¬ 
ing charge, but this has quite a different character, for it is made 
up of a cloud of electrons which carry negative charges, but which 
differ from the nucleus in being much lighter; in an atom only 
about a three-thousandth part of the mass is carried by the elec¬ 
trons. There is a ^eat body of theory about the behaviour of these 
electrons which was first understood about twenty years ago. On 
the whole, the discovery of this theory, the quantum theory, marked 
an even more exciting advance in physics than the subject of tlus 
essay, but for the most part it is not needed for our present pur¬ 
poses. It will suffice to say that there is a thin cloud of negative 
electricity surroundmg ah intensely charged positive nucleus and 
cushioning it against the outside world; but that the protection is 
not strong enough to hold out a bare nucleus such as an a-particle. 

The early work gave no indication of the sizeNof the nucleus, 
since .it could be regarded as a point, but anticipating later results 
it ma.y be said that the diameter is about a ten-thousandth part 
of that of the whole atom, so that if you take the tip of yrour little 
finger for the nucleus the atran would be a hundred yards in diameter. 
As it takes about amillidh atoms in a row to make a length just 
visible to the naked eye, it will be realised'that we are dealing 
with very small quaniiti^. 

The next puzzle about the nucleus was this. The study: of the 
colBsi*^ clearly showed that the nucleus had a charge which was 
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an exact multiple of the charge of the hydrogen nucleus—or proton 
as it came to be called—^but chemical work definitely showed that 
for many of the elements the mass was not a multiple of the mass 
of the proton. There was a strong indication that it ought to be 
so, because in an unexpectedly large number of the elements the 
ratio did approach a whole number quite closely—certainly far 
oftener than the laws of probability would permit. It is not 
necessary here to describe aU the various hnes of argument that 
elucidated the problem. It was mainly solved by Dr. Aston, who 
showed that what had been regarded as single elements were really 
mixtures of substances of the same atomic number but of different 
atomic weights, isotopes as they are called. The weight of each 
isotope is a multiple of the weight of the proton, but their abun¬ 
dance is very various. Tor example, chlorine is the seventeenth 
element, but it has weight 35| on the hydrogen scale. This is 
because it is a mixture of two substances of weights 36 and 37 
of which the first is about three times as abundant. So we now 
say that chlorine, which has atomic number 17, has two isotopes 
35 and 37. 

There has naturally been a great deal of work done to find out 
what isotopes exist, and by now the field is fully explored, though 
there are probably a few which have been overlooked because there 
are not many atoms of their types. There are no exact rules to 
tell us how many isotopes there may be for any chemical element; 
some have only one, some have two, and some quite a lot. But 
in all elements the isotopes have weights not very different from 
one another ; for example, tin, which has atomic number 50, has 
10 isotopes ranging in weights between 112 and 124, and this 
element has more isotopes than any other. The general rule is 
that for the lighter elements the isotopes have atomic weights 
about twice the atomic number, but that for the heavier ones the 
weight is a good deal more. Thus the last element uranium is 
No. 92, and its principal isotope is 238 in weight, which is a good 
deal more than double 92. This is much the commonest type of 
uranium isotope, but there is another one of weight 235, which 
though not nearly so common is very important for our present 
purpose, and there is another of weight 234 which is rarer still. 

Since ordinary chemical processes depend on atomic number and 
not on atomic weight the isotopes of an element are always found 
in the same relative abundance, and that is why their eadstmce 
was never detected by any of the older methods. More recently, 
with the expenditure of much labour, in a few mstanoes methods 
have been found for separating isotopes. This is easiest for hydro- 
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gen, which has an isotope of weight 2, known as heavy hydrogen, 
present in very small quantities. It is the easiest because here one 
isotope is proportionately so much heavier than the other that there 
are perceptible differences in their rates of evaporation and in 
similar phenomena. With the expenditure of much power, quite 
large quantities of heavy hydrogen have been separated, and by 
burning have been turned into heavy water, a substance of use in 
some of the matters to be discussed later. The isotopes of a few 
other elements, such as nitrogen, have also been separated with 
great difficulty, and as we shall see so also have the isotopes of 
uranium. ' 

Though the weights of the various isotopes are unmistakably 
very near whole numbers on the hydrogen scale, they are not 
exactly so. Very important deductions can be made from this, 
because according to the theory of relativity, mass is essentially 
the same as energy, and so by finding the mass of an atom one 
can estimate the energy of its formation. For example, two 
hydrogen nuclei are perceptibly heavier than a nucleus of the 
heavy hydrogen isotope, and this tells us that if the two could be 
joined together energy would be given off. There is an attractive 
theory, which is now rather generally accepted, that the heat of 
the stars is derived by the gradual “ burning ” of hydrogen 1 into 
hydrogen 2 and then by a further reaction into helium 4. Of 
course this nuclear reaction is not to be confused with an ordinary 
chemical one; it only happens at temperatures of millions of 
degrees, and then very slowly by a sort of catalysis in which a 
nitoogen atom takes part. Similarly, though the language of 
chemistry will be used in describing other nuclear reactions, it 
uaust be understood that they are quite different from ordinary 
ehenrioal processes. 

By measuring then themasses of all the atoms we can tell then: 
energies of formation, and can say which are the most stable by 
thdr having less mass and therefore less energy. With a view to 
:^ding^ out this the same method of weighing the atoms was used 
as had been used to discover the isotopes. But whereas in the 
first yorfc, rough r^ults would do, in that it was only necessary 
to recognise whether a nfimber was, say, 30 or 31, now much more 
precise measurement was needed^ because it was necessary to know 
whether the numbar which was unmistakably 31 was one-thousandih. 
. 0 ?! two-thousandths of a unit below it. These measurements gave 
the general result Ihsit the elements in the middle of the table were 
tfe© most stable, and that-therefore enei^ could he won either by 
. eombinh% togeihe^ ttse very light ones or el^ by splitting the 
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heaviest ones. It is this last process that occurs in the atomic 
bomb. 

For the next item in my history I must turn again to Ruther¬ 
ford. In his first work on the collisions of a-particles with the 
nucleus he had been content to study the scattering collisions where 
the a-particle did not go very close, that is to say it had bounced 
off in consequence oi the general electric repulsive force. But he 
now began to look for more detail and saw that in some cases it 
might go so near the nucleus that if the nucleus itself had any 
structure it would be revealed. He had to work with light atoms, 
because their electric charge would be small so as to give him a 
chance of producing this close penetration. I have been talking 
rather light-heartedly as though one could shoot one atom at 
another. Of course this is only a symbolic way of putting it— 
the process is not like a rifle, but like a shot-gun, where there are 
so many pellets that a few will hit by the laws of chance. It was 
not very long before he discovered that penetration of a nitrogen 
nucleus by an a-particle caused the nucleus itself to break up 
giving off a proton in place of the a-particle that had entered it. 
In this way he achieved for the first time in history the artificial 
transmutation of the elements, for the remaining nucleus, havifig 
gained in atomic number 2 jfrom the a-particle and lost 1 from the 
protcm would end as oxygen. An intensive investigation of the new 
phencunenon showed that it occurred with other elements, and by 
the technical process known as Wilson’s cloud chamber the event 
could actually be photographed. Later, when Cockcroft and Walton 
had developed a method of getting very high voltages, protons were 
used as the bombarding particles instead of a-particles. = In this 
way the process was made completely artificial, whereas it might 
before have been protested that the process had only been attained 
with the use of the naturally occurring radium. Space will not 
permit fcrther description of the great work in this field ; it gav^ 
a good deal of knowledge of the forces that the nucleus exerts, but 
it was limited to the lighter atoms, because for the heavier ones 
the electric forces were so great that the projectilej whether an 
a-particle or a speeded-up proton, could never get close enough to 
the nucleus to show its structure. 

It was this field of work that led to the next discovery which is 
of primary importance for our subject, the discovery of 
In the various disintegrations that had been studied there had been 
emitted not only a-particles and protons, but jS-partid^ : and 
y-rays, that is electrons and a very penetrating radiation. * 
radiation was much studiedE betm-use it gave M about 
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tfhd energies involved in tliQ various transformations, and in the 
course of the investigation a radiation was discovered which had 
a penetrating power much greater than anything observed before. 
This was first found by workers in both Germany and France. 
Following up the work Chadwick discovered that the extraordinary 
penetration was due to the “radiation” having an essentially 
different character from that originally supposed. It consisted in 
fact of neutrons, that is to say corpuscles like the a-rays but with 
the mass of the proton and no electric charge at all. Through 
having no charge it could penetrate easily through matter because 
it was indifferent to the electrons or nuclei it was passing, and was 
only affected when it actually met a nucleus on the direct line of 
its path. It was naturally exceedingly hard to detect for this 
reason—^indeed, I remember shortly after its discovery taking part 
in a conversation where we considered whether we might not be 
completely surrounded by a thick cloud of neutrons passing through 
us in all directions all the tune, but not affecting our own atoms 
in any way and therefore quite harmless. But neutrons are not 
like that. They go very easily through matter, but not for ever. 
The difference arising from the absence of electric charge is that 
wkereas an a-particle can barely get through a thin sheet Of paper, 
a neutron may go through inches of solid before it has even a 
single collision to upset its straight line path. The difference can 
be described by saying that whereas an a-particle or a proton 
cannot go through more than about an inch of air, a neutron may 
go about three hundred yards. The effect, moreover, could be made 
visible by sending a beam of neutrons—^in every sense invisible- 
through a chamber containing water vapour. Here and there in it 
one of the neutrons would find a hydrogen nucleus exactly in its path, 
and would bat it on, giving up its own energy so that it came to 
rest, while the hydrogen nucleus would travel on at a high speed. 
This nucleus woidd not be immune in the same way as the neutron 
had been, but could, by means of a suitable mechanism, be made 
to show the track of its path. 

; There are q^uite a variety of methods by which neutrons can be 
obtained. One of the earliest consisted iu mixing radium with the 
element beryllium, since an a-partiole'striking the beryllium nucleus 
makes it.give: off* neutron; this method is much used when only 
weak sources are required becaime it takes very little room and 
ouce set up goes on continuously. When larger sources are needed, 
atoms of heavy hydrogen are given: a high speed and allowed to 
collide with atoms of the same substance, with copious emission, 
'[^re stfeVhow many ways of produomg high^p^d neutronp and 
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of studying their effects; for example, by means of the cyclo¬ 
tron. 

The neutrons are free to enter any nucleus, and when one does 
enter it may stick and transform the atom. But it was soon dis¬ 
covered that the condition for sticking depended rather exactly on 
the neutron’s speed; for example, there might be a narrow range 
of speeds for which it would stick, whereas either faster or slower 
ones might not be nearly so effective. The culminating point in 
this work was reached by Professor Fermi of Rome. He had the 
idea that if the neutrons could be made to travel quite slowly, 
they would stick much more easily. Now the way to slow neutrons 
down is to make them collide with atoms; they can often collide 
without sticking, and then they share their energy, so that the 
neutron loses speed. It is easy to see that the most efl&cient atoms 
for this purpose are the lightest, and Fermi therefore projected his 
neutrons through a thick layer of paraffin wax or water since these 
substances contain a lot of hydrogen. Because they have been 
slowed down in water these neutrons are sometimes called, collo¬ 
quially, wet neutrons; they are extremely efficient in entering the 
nuclei of almost all atoms. The result is that nearly every element 
can be transformed by them, and a whole new field of nuclear 
chemistry was opened up. We may consider the sort of thing that 
happens. Suppose that we expose a piece of copper to slow neu¬ 
trons. Copper is element number .29, which is the charge on its 
nucleus. Normal copper has two isotopes, one of atomic weight 63 
and the other 65. Consider an atom of the 65 isotope. If a neutron 
enters, it adds 1 to the weight, but has no effect on the charge. 
As the charge is unchanged it is still a copper atom, but it now 
has weight 66. This proves to be too big a weight for the charge, 
and the atom must therefore either lose weight or gain charge. In 
the present case the charge is increased by the emission of an elec¬ 
tron from the nucleus. By this emission the nucleus has lost one 
negative charge, and therefore gained a positive one, and so its 
atomic number is now 30, while its weight is stiU 66. We there¬ 
fore have obtained an isotope of zinc, which is element number 30. 
This is a normal or stable zinc isotope and therefore the process 
stops, but it might be—and in some other cases is-—^that the nucleus 
is stiff too heavy for its charge^ and then it would emit another 
electron, at an appropriate speed and time, and turn into the n^t 
element. There are very many siqailar examples that could be 
given, and we sJiaU later return to the important one of uranium, 
but for the present this will suffice. ^ 

The discovery of the neutron produced an important pliilosophie 
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revolution in our ideas about the nucleus. Earlier there had been 
very great diJBBoulties in understanding how the heavier atoms could 
be built. We knew about protons and electrons, and thought that 
there were no other elementary particles. Also, as it happens in 
those days, we knew little about heavy hydrogen. How then was 
a Hpilinm atom to be constructed out of protons and electrons, as 
it undoubtedly was ? Its weight is four, so it must have four pro- 
, tons, its charge two, so two of these protons must be neutralised 
by two electrons : that is to'say there would be six particles in all. 
It seemed very unlikely indeed that anywhere in space there could 
be simultaneously a collision of six bodies with such speeds that 
they could stick together. With the discovery of heavy hydrogen 
with two protons and one electron the process became a good deal 
more credible, but it would still demand a collision of three bodies 
simultaneously, which would be quite a rare event. 

All this is changed with the discovery of the neutron, if we 
regard this as one of the ultimate elements, for now we can imagine 
that a heavy hydrogen atom is formed by a suitable collision of 
one proton with one neutron, so that they stick together, and then 
again that a helium atom is formed by two heavy hydrogens stick¬ 
ing together. But the idea that has guided the theorists in working 
out all this goes much deeper and is more abstract. The idea is 
that in essence a neutron and a proton are two aspects of the same 
thing, and that the same particle—sometimes called a nucleon^—can 
charge to and fro between the two states. Eor example, in a nucleus 
of heavy hydrogen there is a proton and a neutron, but one could 
not say which is which. But when, as in the example of copper 
there would be too many neutrons in the nucleus, one of them changes 
into a proton,; and as a sort of secondary, though absolutely neces¬ 
sary, i^eot, the ohangeds regulated by the emission of an electron. 
Thwe is certainly a great deal of deep theory behind this, not yet 
sfl completely understood, but for the present purpose it suffices 
to forget about the electrons. A nucleus is composed of the two 
pdntary particles, protons and neutrons. Eor a stable element they 
are rdi^faly : equal in numbers. If there are too many neutrons, 
006 " changes into a proton by the emi^ion of an electron. If there 
are too few /ah electron may fall in to change a proton into a neu- 
troHj but sometimes & orach more exciting thing happens. This is 
hardly park of Our; proseht sto^ should be mentioned-—an 

eiecrfcpon is ehthtted which has apposite charge to the ordinary one; 
sooner or later thih poatron, as it is called, meets an ordinary 
electron and the two annihilate one another, emitting in the process 
;'/a;lw€*y:ihtea]^-y-raiy;>: 
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Returning to the structure of the nucleus, it has been pointed 
out that in it there are about equal numbers of neutrons and pro¬ 
tons. It is easy, by just looking at the table of atomic weights 
and numbers to verify how far this is true. There is first a notable 
exception in ordinary hydrogen with one proton and no neutrons 
at all, and it is this that suggests that there is available a large 
source of energy in the “ burning ’’ of hydrogen, first into heavy 
hydrogen and then into helium and heavier elements. For the 
general run of the lighter elements, the atomic weight is almost 
exactly twice the number, but for the heavier ones it becomes 
gradually larger. For example, aluminium is number 13, and has 
only one isotope 27, that is to say there are 13 protons and 14 
neutrons, whereas iodine has weight 127,> but number only 53, so 
that there are 74 neutrons against 53. protons. In the last element 
uranium, the isotope 238 has 92 protons and 146 neutrons, and so 
if a uranium atom w^e to be split in two, the resulting two nuclei 
would have a good many more neutrons than they could carry. 
This is one of the most important features of the phenomena which 
make the atomic bomb work. 

We now; come to the final stage of our history. In the course 
of the experiments which added neutrons to atoms, it was natural 
to include work on uranium. It was found that the! atom would 
accept a neutron, and so become uranium 239 instead of 238. The 
new atom then at leisure emitted an electron, and so raised its 
number from 92 to 93, and then another electron and so came to 
number 94. After this further changes occur and it was at first 
thought that it turned into the still higher elements 95 and 96, 
but this proved to be wrong. The subject was revolutionised by 
Professor Hahn of Berlin who recognised among the products some 
nuclei of the much lighter element barium through certain radia¬ 
tions that are characteristic of it. Further examination showed 
that though the formation of 94—plutonium as it is now called-^ 
was established, the source of all the otha: radiations was quite 
different. They arose from the splitting of the uranium atom into 
two roughly equal parts. Moreover, it was established ftom a 
rather deeper theory that it was not only plutonium that gave 
this fission, but also the rare uranium isotope; of weight 235, that 
is mixed with the ordinary one to the extent of rather less than 
1 per cent., - 

This emerged from a general theory of the nucleus which "wife 
developed by Niels Bohr of Copenhagen, the man Tvho p^haji^s 
than any other has contribute to all the revolutions ^qf our ideae 
of fundamental physics durihg the: ]^st thirty years,; and I jpropose 
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to glance at his general theory of.the nucleus, in particular of the 
heavy nuclei of the atoms of large atomic number. As we have 
seen, the nucleus is composed of a mass of nucleons, that is pro¬ 
tons and neutrons, stuck very close together by forces about wMch 
frankly we do not know very much. But even without this know¬ 
ledge we can say that in a nucleus there are strong attractive forces 
holding it together, and that these forces give effects that make it 
in maiiy ways very like a drop of water. For example, it shows 
a surface tension which keeps it spherical and it can show a property 
roughly analogous to the evaporation of water. 

Using this analogy, consider what happens when a high-speed 
neutron strikes the drop. A composite nucleus will be formed by 
the union, and this composite nucleus wiU have a good deal of 
extra energy which has to be got rid of. There are three competing 
ways of doing so. Firstly, it may emit the energy as radiation in 
the form of y-rays which correspond to ordinary heat radiation 
from the water-drop; if this happens the result will be a stable 
atom of weight one more than the original atom. Secondly, it may 
cool off by evaporation, that is to say it may give off at leisure 
one or more neutrons, or perhaps protons or a-particles, in exchange 
for the one it has received, just as the water can cool by evaporat¬ 
ing some of its molecules. Thirdly, the added neutron may set up 
a violent oscillation and put the “ drop ” so much out of shape 
that it breaks into two. In this sort of violent motion we shall 
not expect any exact division into equal parts, but rather that the 
two parts should occur in any proportions, though with a rather 
strong preference for being not very unequal. 

These three alternative events may occur with any atom, but 
they are, so to speak, competitive, in that there are different chances 
of the compound atom getting rid of its energy in one or other of 
the three ways, and what happens vidll depend on the relative 
probabilities for the variods alternatives. The chances are very 
different for the various types of atom. Excepting for uranium 
and one or; two others of the heaviest atoms the chance of fission 
is so much less than the other two that it can be left out of account. 
Even in the case of ordinary uranium it is a small chance, which 
occurs only when the entering neutron has a rather high and 
accurately'adjusted speed -, it is inuch more likely that the neutron 
will stick and give an atom of weight 239. But the matter is quite 
different for: the less common isotope of weight 235, for this has 
a good chance of catching neutrons of any speed, and when it does 
thbro is ai good chance of* fission. There is also a good chance of 
fe^n from the elsEuent plutonium when this is. hit by a neutron. 
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What now are the conditions that can exploit the very great 
energy given by these fissions ? We may compare it to a much 
more ordinary thing, a fixe, either a common fire or the very rapid 
combustion that we call an explosion. The necessary condition for 
starting a fire is that the combustion of one molecule should pro¬ 
vide enough heat to set off its neighbours ; there has got to be a 
multiplying effect, and even gunpowder will not go off if it is spread 
so thin that the heat of the first grain is wasted before it heats up 
the next one. So here; too. A neutron may be enough to produce 
a fission of one atom, but that will not make a real explosion unless 
there is a multiplying effect, so that the atom starts a train which 
will cause the fission of a few of the others, which will themselves 
each again start off moire of them in rapidly increasing numbers. 
Now when a 235 bursts, its two parts have too many neutrons to 
balance their protons, because the proportion of neutrons to protons 
is a good deal higher for the heavy elements than for the middle 
ones. So the two atoms have got toe many neutrons—^perhaps 
8 or 10 too many—and must get rid of them. I^erhaps some of 
them turn into protons, but there are so many that there is no 
time for them all to change, and therefore some, perhaps three or 
so, are thrown out and are therefore capable of attacking the other 
uranium atoms. The conditions are exactly right for multiplica¬ 
tion, which if it is only slight will be like a fire, or if more violent 
will be an explosion. 

The stage is set. If we can get enough atoms which will by 
their fission produce a multiplication of neutrons, we can make an 
explosion which because of the great energy and the rapidity of its 
propagation will far exceed any hitherto produced. From its tend^ 
ency to keep the neutron without bursting the ordinary uranium 
238 is not much direct help, and we are therefore forced into one 
of two alternatives ; one of them is to separate the 235, the other 
the slow process of producing plutonium and then bursting the 
plutonium from uranium 238. Both of these are technical prob¬ 
lems of ohemical and physical engineering which are probably the 
most dff&cult ever undertaken, but both have been successfully 
solved. Two different processes have been used to separate the 236. 
In one of them a gaseous compound of uranium, has been produced, 
and the separation in effect depends on the fact that in the gas 
the average speed of the molecules containing 238 is a little le^ 
than that of the 235 ones. The other method depends on thte 
mass spectrograph which separates the atoms by deflecting Ahem 
in a magnetic field. In both these processes the real problem is 
one of quantity. It is comparatively speaking easy to get small 
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quantities, such as a imllionth of a gram, but pounds are needed 
and one simply -cannot manufacture a hundred million of what is 
already a. fairly complicated apparatus. In fact, the difference of 
quantity is so great that it almost becomes a difference of quality, 
but still it is substantially the same method, and I shall not de¬ 
scribe it. Working on these lines very considerable quantities of 
236 have been separated. 

'We have nCw got a stock of explosible material, and the ques¬ 
tion arises how it is to be set off, and still more pertinent is the 
question of why it does not go off as soon as it is made. The 
reason for this is the same as the reason why you can bum a piece 
of paper without setting fire to everything around it, that the heat 
gets away so quickly that no multiplication of the effect occurs. 
We must remember how very transparent matter is to neutrons. 
If then we take a small lump of 236 and start with a neutron, 
though one atom may burst, the resulting neutrons wiU usually go 
some distance, before , they hit another nucleus. If the lump is 
small most of them will have got outside it without hitting one, 
and they are then useless, and so the multiplication will fail and 
there will be no explosion. It takes a definite bulk of the material 
before it can go offJ . The trick of controlling the explosion is there¬ 
fore to have two pieces, each of them just too small to explode, 
and- then suddenly to. bring them together. As soon as contact is 
made, if there is even a single neutron in the middle part—and 
there always will be—^then an atom will burst there, and most of 
ther neutrons from it axe certain to hit another atom before they 
eseapej and so the explosion can multiply. Even so it is a very 
wasteful process, because many of the neutrons produced among 
the, bursting outer atoms of the bomb will escape, so that probably 
(MJly about 10 per cent, of the bbmb really explodes ; but this is 
quite enough for all practical purposes. The crucial question in 
the early days was how big the critical size for explosion would be. 
It was certain that it was larger than ounces and likely that it was 
ajhiaUec than; toiis^i but it n^ a big difference when it was known 
it’ would fbe pounds m not hundredweights, fear if it had been 
huudredwei^hte the total ,aihouni® would have been unattainable 
-'-ih;'.praotice.v-'’'\-, ■. r 

l ; The manufacture of; plutoiniam requires an entirely different 
pmeedure. necessary to skuw down the proce^ of mifiti- 

jfication so as to keep only a small excess mulUplioatiQn of neutrons 
liduch ydff steady the isotope 238 into plntonium. Large 

ifoanlitiMr of heat are produced and.have to be disnpatod,. for if 
^^ 1 ^ were not toe jrise » temperature 
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till it got out of control. The components of the machine would 
get red hot and melt, and the whole would be destroyed, though 
whether it should be called a fire or an explosion I do not know ; 
anyhow, if it is an explosion it would be of the tame type associated 
with such things as dynamite which is no use to anybody. In this 
connection I may explain one of the events in the history of the 
war, the commando raids on the Norwegian power station, Norsk 
Hydro. As I have just said, to produce plutonium it is necessary 
to damp down the fire, and there are not many suitable damping 
materials. One of the mbst effective is heavy water, and as there 
is no other very important use for it, the fact that the Germans 
were demanding it from Norway showed that they were at work 
on the same subject. Now at all stages of the war.we were much 
further on than they were. Also we had practically the whole 
existing stock of heavy water in the worid, though it was not a 
great deal; it had been got out of France at the last possible 
moment. It seemed worth while to prevent the enemy carrying 
their experiments to a further stage, even though it would not 
have been a very advanced one. So the whole dramatic story came 
from the determination to prevent the enemy from climbing on to 
a step of the ladder that we had already passed some time beforei 

The other, and much the most important, feature about plu¬ 
tonium is that aU along it has received close consideration in con¬ 
nection with the benevolent side of atomic energy, the production 
of power for industrial purposes. For the Doilitary purpose the 
heat which had to be dissipated was a by-product in the production 
of the plutonium, but we look forward to the time when the heat is the 
important thing. It will be a major problem of practical engmeer- 
ing to turn this heat into power, calling as it will not only for the 
solution of all the practical problems of heat-resisting materials and 
so on, but also for the additional complication that in view of the 
intense radiations emitted by the furnace everything will have to 
be worked by distant controls. To return to the bomb, plutonium 
is a chemical element quite different from uranium, so that it can 
be separated out by more or less ordinary chemical processes, a 
fundamentally easier problem than the laborious separation of 
isotopes. Once obtained, the technique of maldng the ©splosion 
is very much the same for both. i;- . 

As you: know it was decided four years ago that the matiifial 
should be produced in America.: A large staff from this. county 
went there to help, but we must give full credit to the ah^y 
enterprise of 'American scientists : and. engineers for beh^ging into 
fruition in such a short rime whatmnstbe easily the most difiSicuIt 
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problem of cbemical engineering ever undertaken. At the end of 
July, 1946, everything was ready, and the trial explosion was made 
in New Mexico, with complete success. In any scientific project 
there are so many factors to be considered, that there is always a 
little doubt that one of them, judged unimportant, may not prove to 
be capable of spoiling the prediction. In the present case naturally 
every conceivable difficulty of this kind was examined with the 
closest attention, but there might still lurk a doubt. At the end 
one could ^y that the chances were immensely favourable, but 
still it was not a matter of certainty. The project cost something 
like £600,000,000, and I suppose this is easily the largest bet ever 
made—^and won. 

My purpose has been to describe the broad principles govemiag 
this development of which we have only seen the beginning, but 
the matter carmot rest there, and though I have no more right to 
express opinions than the next man, I cannot leave the subject 
without touching on its general implications. In the first place, 
there is no going back, and even if it were possible to back-pedal 
on scientific development, to do so would entail infinitely worse 
consequences for humanity than the moat dreadful things we may 
fear. After all, quite apart from atomic bombs, the destructive 
power of humanity has increased considerably of late, but it has 
not increased nearly as rapidly as the creative and the recuperative 
power. Even in warfare we budd now faster than we destroy. We 
can knock down a bridge in half the time required a century ago, 
but we can buddione, or for the matter of that a harbour, in a tenth 
of the time, even in the face of the enemy. And we can keep in 
good health in the field armies which a century ago would have all 
died of starvation even before they had had time to die of the 
inevitable epidemics. So I maintain we are better off now in the 
balance between creation and destruction than ever before, even 
in war-time; how much more in peace. 

Accepting then the existing state of affairs, let me try and draw 
up a balance sheet of how we stand with regard to atomic energy. 
On the debit aide ^ have the obvious military menace. It is a 
weapon of quite a new kind, because unlike other weapons it is 
imposrible to use it on the small scale; aswehaveseen a smaU bomb 
cannot explode. This means the Weapon cannot easdy be used for 
poBee purpcBesi'because it is hard to imagme a state of affairs 
whan the aiithoriti^ would decide on such violence as a purely 
preventive measure. Moreover, it is rather hard to see how it 
could be used agMust an amiy in the field because of the dispersal 
of the troops, the he«je®ity of having one’s own troops well away 
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at the time of the explosion, and the uselessness of occupying a 
piece of devastated country. Its natural use is against the large 
towns and seaports, and to judge by the conduct of the gangsters 
who started this war it would most likely be used treacherously 
to start a war. For the present the process of manufacture is so 
elaborate that there is little danger of its being concealed, and this 
will probably be so for some time, but we cannot feel sure that 
it will always be so, and the problem of a world-wide organisation 
of inspection to prevent it seems very difficult. Moreover, there 
is a special danger that will be very hard to avoid. Every 
power-station developing atomic energy will produce plutonium as 
a by-product—^not very much of it, but there it will be—^and so 
if we are to get any benefit from atomic energy we catmot help 
accumulating explosive material. 

On the credit side we must put the immediate enormous saving 
of life that has been achieved. Japan was abeady inevitably 
beaten, but it would have cost our armies perhaps a million more 
lives to finish it off. And I would defend the view that we have 
saved a very large number of Japanese lives also by convincing 
them so much more quickly that resistance was useless. Then 
there is the future development of power from atomic energy, not 
very far off. It is not easy to evaluate how important to the 
world a large power-station reaUy is, but certainly it is at present 
one of the essentials of civilisation. We can now feel free of the 
threat of the consequence of the exhaustion of our coal resources 
for at any rate centuries to come. It may appear to you com¬ 
paratively trivial, but I must add a thbd item to the credit side 
which is of great present interest to the scientist, which will un¬ 
doubtedly produce benefit to humanity in due course. By the use 
of neutrons it is possible, so to speak, to label atoms so that they 
are later recognisable through then radioactivity. These are a very 
powerful new weapon in aU sorts of research; for example, in 
biological research it is easy to watch the progress of atoms through 
the various tissues of the body so as to discover much more fully 
than ever before the chemical reactions that go to constitute life. 

There is the balance sheet, a great menace and a great oppor¬ 
tunity. We have got to accept it as an accomplished fact. It is 
for all of us to consider the new situation, and to show how to 
deal with it. Let us hope that mankind can rise to the level of 
the new responsibility. 
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The normal rate at which a plant or animal reproduces its kind 
is perhaps as much a characteristic of the species as most of those 
we recognise. . Like all characteristics it is subject to variation and 
more so than many others. Because the range in number of 
potential offspring is often wide, the fact that their total fluctuates 
about a mode that is specifically characteristic is apt to be over¬ 
looked, although extreme examples emphasise the remarkable 
differences between organisms in this respect. The small number 
of offspring and slow breeding rate of the Elephant, which was 
estimated by Darwin to produce offspring at the potential rate of 
1 in. 10 years after the thirtieth year, is one extreme, whilst the 
potential offspring > of a Codfish has been estimated as 9 tnillions. 
The vegetable counterpart of the elephant is the Double Coconut, 
which does not: ftuit till its thirtieth year, and can subsequently 
produce 4 to 5 fruits that take 10 years to develop. At the 
other end of the scale a large specimen of the Giant Puffball has 
berai estimated to produce some 7 bfllion spores and a large Vanilla 
Onshid can give rise to many million seeds in a single season. 
Between such extremes there is every gradation, and the observant 
naturalist naturally asks himself why species differ so greatly from 
one another in the size of the potential faioailies wMoh ensure their 
cqMinaedi! survival. The facile teleblogists of the last century 
fo%nd>a plausibleanswer to this question based ori apridri reasoning, 
almost whoEy unsupported,; however, by data the collection of 
whidh k both arduous andj time consuming. But, to do our pre¬ 
decessors justioev it k doubtful if this line of enquiry could have; 
been profitably phcsued until the !stu<^ -of variability and*its 
statktical examination had passed into its. modem phase. The 
general attitude of mind so far as soncemed plants was that the 
capacity to produce offspring varied so much from individual to 
mdividual that no useful purpose could be served by its examina- 



VARIATION IN REPRODUCTIVE CAPACITY OP PLANTS 467 

tion. Nevertheless, the rather contradictory assumption was made 
that the magnitude of the capacity to produce offspring was an 
insurance premium against the inevitable risks of mortality. If 
this were true, then clearly the normal seed output would be a 
measure of the risks of non-survival and a biological integration of 
the highest value, capable of statistical definition. 

That no organism could survive where rate of multiplication 
was inadequate to meet mormal risks is obvious, and that the two 
are Closely related might appear from the fact that species, for 
the most part, occur with similar abundance so long as the con¬ 
ditions in which they grow remain more or less unaltered. If the 
average number of offspring is increased it is manifest that the 
risks of mortality increase also. If the view held by Herbert 
Spencer, and accepted by most others since, be true, the size of 
the family and the risks are proportional, but it is evident that 
increased size of family may increase the chance of survival more 
than it increases the risks of mortality which such an augmented 
family entails, although the law of diminishing returns will inevit¬ 
ably obtain. What the answer to that question is cannot be 
settled by a priori reasoning, but only by the accumulation of as 
precise data as circumstances permit. The.writer of this article 
has over a period of years amassed information concerning the 
seed prbdiictioii of a considerable number of wild British plaints, 
sufficient bbth in variety and magnitude to permit of formulating 
certain generalisations (c/. The Reproductive Capacity of Plants, 
Bell & Sons, London, 1943). 

The seeming stability of populations of particular species has 
been referred to above, but this is largely illusory, since the im¬ 
pression of stability is often due to lack of observation and uncon¬ 
scious averaging over long periods which masks the fact that though 
particular kinds of plants do not commonly exhibit a steady increase 
or decrease, and so become either ubiquitous or extinct, yet in 
reality thCy often show striking fluctuations, particularly in relation 
to environmental variations. The abundance which has some¬ 
times beeh observed of the Helleborine {Epipadtis ensifolia) and 
the Shepherd’s Rod jpiloms) can be related to the cutting 

of the undergrowth of the woods where these species normally 
occur^ but the amazing abimdanee sometimes presented by the 
Green-winged Orchis {OtcMb mwo), followed by great scarcity or 
complete absence j is a phenomenon which does not accfomptoy , 
any obvious: alteration iih the environment, though it uaty well be 
that some subtle change, such as peihapV the exSau^ 
particular hutrienfr sou3^ hr tome trace element ;in' readily avafl- 
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able form, is in fact involved. The abundance of the R.osebay 
Willowherb and the Oxfprd Ragwort on the bombed sites of our 
cities is as much a tribute to the efficient dispersal of their seeds 
and fruits as to the profusion of their production but it is also 
a witness to the fact that the bombing has changed sterile areas 
of bricks and mortar and stone paving into places where plants 
caii grow. Bracken too can be seen in many of the exposed cellars. 
So that one can visualise the countless millions of spores, fruits 
and seeds that have been shed from the air for centuries only to 
perish until the blitz rendered London habitable to them. 

One important generalisation that emerges from the examina¬ 
tion of a number of species is that it is amongst those which are 
characteristic of habitats which afford the opportunity of rapid 
colonisation that the large seed output is most obviously developed^ 
This places high rates of reproduction in quite a different Ught to 
that imagined by Herbert Spencer. Far from being merely an. 
hasurance premium against extinction, the large output enables 
snob species to take advantage of the opportunities that inter¬ 
mittently accrue for extensive colonisation. 

A good example is furnished by the Canadian Fleabane, so 
abundant on many bombed sites and, in its native country, and 
elsewhere, characteristic of waste ground generally whether created 
by human agency or nature. Its tiny flower-heads make up in 
number what they lack in size. Examination of 50 fruiting 
heads yielded a range of from 16 to 72 fruits per h^ad, with an 
average of 45 ±1*2. A random sample of 21 plants from a 
bombed area was examined for the number of fruiting ca;pitula 
they produced. These ranged in number from 121 on the smallest 
plant to 7175 on the largest, the average number being 1153. Thus 
the average production of fruits from a single plant would be well 
over 50,000, whilst the largest plant examined must have produced 
some 322,000 fruits. Each fruit is famished with a parachute of 
hairs and takes rather more than 15 seconds to fall 10 feet in still 
air. So that the species is admirably equipped; to colonise any 
bare area that may be^qome ayallablev It is of interest to compare 
the Canadian species with our native member of the same genus, 
the Fleabane of our chalk downs. Tips, latter is 

a plant of short tuitf and dry places, which, though it may .colonise 
waste ground, is .naturally a plant of situations much more clothed 
with vegetation where the opportunities foF colonisation are much 
fewer ^and more; ]^tricted than in the habitats occupied by the; 
ali^ specif just considered., The average output for jB; acre was 
td? 2147 i 1^2 fruits per plant . Oup^city 
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of Plants, p. 153). In other words, the average output of the 
Canadian Fleabane is more than 23 times that of its relative 
of more closed habitats. 

In the work cited, data are furnished for a number of plants 
from another t 3 rpe of intermittent habitat, namely drying mud on 
which all the most common and characteristic species possess the 
capacity of producing large numbers of seeds. An additional 
example is the Mud Speedwell Veronica Anagallis. Its capsules 
contain an average of 61 ± 2-1 seeds, and a normal-sized plant 
will bear about 3000 capsules so that the seed production would 
be about 183,000. What a contrast this offers to such a Species 
SbS Veronica officinalis, usually associated with situations more or 
less occupied by other competing plants, the output of which is 
under 9000 seeds a year. 

But, if it is particularly the opportunist species which are most 
prolific, it must not be thought that all kinds of plants, which 
grow in situations where opportunities for colonisation frequently 
recur, have developed the capacity to take advantage of this faot. 
A few species of exposed mud, for example, are anything but prolific, 
and it is noteworthy that though normally rare, the relatively 
small number of their potentiab offspring has not led to their ex¬ 
tinction although in fact the risks of mortality are greater than 
for the more prolific types, since the conditions these species demand 
are more restricted. Two examples shall suffice to illustrate this 
fact, which even alone would be enough to make us doubt the 
generalisation of Herbert Spencer. The Star Fruit, Damasoniwm 
stellatum, has an average output of only 231 ± 15 seeds (foe, cit,, 
p. 199), and, though an extremely rare species of drying mud, never¬ 
theless reappears, often at long intervals, amounting, it may be, to 
half a century, when the mud is again exposed. Our second mud 
species is likewise a rarity. It is the composite, PuUcaria vulgaris. 
Ninety-eight plants examined had an average of 5-76 fruiting heads, 
each producing an average of 129 fruits. So that the seed pro¬ 
duction may be estimated as under 760, a figure that though* high 
for so small a plant is ridiculously small in comparison with the 
common species of the same environment. The seeds for the latter 
germinate freely, and their seedling mortality, apart from com¬ 
petition amongst themselves, is low, whereas the seeds of the rare 
species cited often exhibit poor germination and are liable to high 
seedling mortality, so that if the number of potential offspring 
were in any appreciable degree related to the risk of mortality, 
it is these and not the common species which- should produce high 
seed' outputs.'^, " " ^ ■■ v 
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r Another interesting comparison can be furnished in this con¬ 
nection by the two common British Saxifrages. The WaU Saxifrage 
{S. tridactylites) and the Meadow Saxifrage (8.. gfanulata)., The 
former is much the smaller plant associated with open habitats, 
where competition is often slight and therefore the risks of mortality 
likely to be low. The meadow saxifrage grows in damp grass 
meadows where competition for space is severe and seedling. mor¬ 
tality likely to be. high. A total of 116 plants of the Meadow 
Saxifeage which were examined bore from 1 to 23 fruits with an 
average of 6*1 ± 0'24 capsules per plant. Bach capsule contained 
from 99 to 478 seeds with an average of 296 ±; 21. Thus the 
average production of seeds per plant is between 1600 and 2000. 
On the basis of mortality risks we should expect the output 
of seeds of the Wall Saxifrage to be much lower whilst on the 
basis of opportunism we shall not be surprised if it had evolved 
the capacity for rapid colonisation in which event the output might 
be expected to be higher. Actually the average seed production 
fe 1106 ± 98. The output of 8. gramdata is thus absolutely higher, 
but in fact having regard to the relative size of the two species and 
their respective assimilating areas it can be said that the output 
of is relatively the higher. 

' The capacity of a plant to produce seeds will clearly r depend 
on the surplus food ma;terial available for the purpose, and thus 
in large part upon the size of the leaf surface by which the food 
is manufactured. So a valid comparison can only be made betiveen 
species of comparable size. Bearing this in mind it is true to say 
that the largest potential progenies are usually to be found amongst 
the weeds of waste ground, the plants of woodland clearings or 
those 6f recently exposed mud. At the other extreme we have 
the plants of more or less “ closed ” type® of vegetation such as 
thickets and woodlands occupying ground that is carpeted with 
vegetatton. The seedlings of such plants have to endure coni- 
petition, which is sometimes severe, and frequently must grow for 
som6 time at the expense of food stored in the seed before they 
can siiffioiently 'emerge out of the shade of their neighbours to 
obtain adequate light to enable them to manufacture food more 
rapidly than they utiKse it. The plants of shch habitats normally 
have small outputs of seed, but the indiyiduah seeds are. large. 
Such then we can regard sja having become specialised to a greater 
or smaller degree in two respeote, bothiof which have obvious 
“ survival value ” hnd which are. complementary in character. 

"closed” habitats offer few opportunities ifor extensive 
eoiOhisation so that we can appreciate a small outputist^'gufSce, 
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but this in turn permits of the larger provision in respect to each 
that is requisite to support the seedling in a shaded habitat. Thus 
we find that in general the woodland species has a large and heavy 
seed or fruit, whilst its open habitat relative may possess a light 
one. We say 'may,'because on sand-dunes and shingle beaches the 
large seed may also have a high survival value, and here too, as 
in the Sea Convolvulus, we can find number sacrificed to weight. 

’ Whilst a lavish provision for ofEspring is obviously advantageous 
as giving them a good start in-life, auch specialisation brings with 
it a handicap in dispersal to the point where reproduction by seed, 
apart from possible variation, has little merit and certain dis¬ 
advantages compared with vegetative propagation. It is, in fact, 
true that vegetative modes of propagation are especially character¬ 
istic of the herbaceous woodland species sometimes even to the 
exclusion of reproduction by seed. One striking exception must, 
however, be noted, namely, the parasitic species and many mycor- 
rhizal plants where the special modes of nutrition circumvent the 
normal disabilities consequent upon minute seeds: disabilities 
which are of considerable significance, unless the species be associated 
with open habitats. 

All gradations are encountered from species with minute and 
numerous seeds to those producing few of large size, and if groups 
of species be considered, not individuals, the size of the seed tends 
to increase with the density of the plant community which is the 
normal habitat of the species. However, within a particular type 
of habitat, there is considerable range of seed size but even more 
of seed output, and the positive value of the latter is attested by 
the fact that the species which produce the largest number of seeds 
are usually the commonest. If, for instance, we consider the plants 
characteristic of . coppiced areas in woodlands, Foxgloves and 
Mulleins are both widespread and abundant, the former especially 
on the more acid and the latter bn the more basic types of soil. 
The .Figwort and Wood Groun<feel are both lass frequent and 
occur in smaller numbers, whilst the Wobd Cudweed and square- 
stemmed Willowherb are both much less frequent. All* the plants 
mentioned agree in having light seeds or fruits. The following 
table shows their seed outputs, roughly, to parcel their frequency: 

^''s " 

, • Approximate Avfr?ige Output ^ ^ 

: ' Species. - ■ of Seeds pe^ 

MnSLem {Verbascum : . ; - , 

Fo?:gloye (Digitalis purpurea) . 

' Tigwort'(Scr(^htdai^ nochsd) . ; ' Z ' 

Wood OroTOdsel-v ; : : ' ^ 

\ Wood Cudweed t n , 

: Z: Willowherb ' . : ■ rf,000 ^ - 
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If we examine a large population of individuals of any one kind 
of plant and collect them in groups according to the number of 
fruits that each individual bears we should expect to find that a 
small proportion are starved jilants bearing very few fruits and that 
also there will be a few luxuriant specimens bearing an exceptiohally 
large number. That as the number of fruits characterising each 
groiip of plants approaches the mean for the species the number 
of individuals in the group might be expected to increase in a similar 



degree whether the number of fruits for the group he above; that 
charactmistie of the species or below it. Actually an approxima¬ 
tion to such a normal vaiiatibn curve is sorhetimes realised as, for 
example, in the number of fruits produced by plants of the Cuckoo 
Pint {Aram TiiwiMSAtum). An examination of more than 300 plants 
Qoc. cit., p. 176) showed that 23 fruits was the most frequent con¬ 
dition representing about 6 per cent, of the entire, ^pulation whilst 
approximately 60 per cent, bore more than the modal number, 
some as many as 58 fruits, and 44 pOT oeht^ cf thepla produced 
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from 5 to 22 fruits. Actually the variation curve for this species 
was almost symmetrical and the average number of firuits per 
plant for the entire population was nearly the same as the ‘‘ mode,’’ 
namely 24 instead of the modal 23. 

^ar more frequently however the "" curve ” is asymmetrical in 
form, the number of individuals and range of variation above the 
mode being much greater than below it. Three examples are shown 
in Fig. 1. They represent data from wild populations of the Felwort 
{Oentiana amarella) a common plant of chalk downs, the Starfruit 
{Damasonium stellatum), the rare species of exposed mud referred 
to above and the Deptford Fink {Diantims armeria), a plant of 



Fia. 2.-—Variation in capsule number on plants of Mcenchia erecta» 

dry banks and open scrub. They thus exemplify diverse habitats. 
In general form the curves are very similar with a relatively small 
proportion of individuals which bear less fruits‘than the mode but 
an appreciable number of plants very much in excess of the mode. 
As a consequence, the fruit production for plants of these 

species is very different from the mode. Thus for the Sta^<^ 
there are more plants bearing between 7 aM 16 fitdts thai 'a^ 
other number, but the average for afl the plants exaihined waS'19. 

For the Felwort the mode is 9 capsuled per plant, but fche ^v^^^ 
is 17 ^ whilst niore plants of the Deptford Pink bear 6 naps 
any other number, whereas the average is 23 capsule per 
An extreme example is ftpmished by the ^Ift^ 
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ereefei (Fig. 2),: where more than 40 per cent, of the population of 
individuals only produce a single capsuile although the average 
capsule production is 2-8. 

All the fruits of these plants do not contain the same number 
of seeds but the variation in this respect is largely independent of 
the number of fruits which can be taken as an approximation of 
the seed output, except for the very small depauperate plants. If 
the actual seed numbers could have been determined for each plant 
the: asymmetry of the cxuves would tend to have been accentuated 
rather than diminished. The Starfruit, however, is peculiar in that 
the fruits almost invariably consist of six compartments, containing 
two seeds each, so that the “ curve ” for actual seed numbers would 
■ have been identical in form with that illustrated. 

When the mode of fruit production is low it is obvious that 



tion is very limited whereas there is ho such definite restriction in 
the upward direction, except in so far as the physiological make-up 
of the species sets such a limit. Whilst this factor must manifestly 
operate in some degree it is far from being the major cause of such 
eaymmetry. For if this were so and we could regard the variation 
of fecit and seed production as conforming to a normal form, subject 
to curtailmeat in the downward direction, then the higher the mode 
of fruit production the more symmetrical the form of the “ curve ” 
should be., But though jt is trirn thatvapproximations to the sym¬ 
metrical fmsmtof variation “ curve ” are to be found where the 
pmde has a laager-walue t^e asymmetrical fcam is sometimes yery 
pconounoed wh^ the mod^ value is Mgh. This is weH exemplified 
,by the: “ curve f<» the Enchanter’s 'Mghtshade iOimm hOeliana) 
illustrated miFig, : ■ The indehiscent firuit of riiis- spiles contains 
conriderable constanoy .'so .that frmt i^oduetirm' Srid 
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seed output are parallel. For convenienee of representation the 
plants have, b^n grouped into classes, the individuals in each of 
which have a range of finiit production of not more than 10, this, 
however, does not affect the general form, of the “ curve ” which 
is markedly asymmetrical despite the fact that the mode is situated 
between 20 and 29 fruits. 

The explanation of asjunmetry is probably to be found mainly 
in the competition factor. The writer has shown (Zoc. cii., Chap. VI) 
that ffuit and seed production is very strongly influenced by the 
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Fig. 4.—^Variation in height of plants of Saltwort {Salicofnia annua)* 


competition, both of individuals of the same or of other species. 
Thus with species subject to such competition there will be a pre¬ 
ponderance of individuals with low’ fruit production and low seed 
output, but others which by reason of circumstances, such as earlier 
germination or more favourable situation, are better able than their 
neighbours to develop their vpotentialities. Owing to the manner 
in which plants obtain and manufacture their food any slight initial 
advantage to a particufar individual not only leads to a pixigre^ive 
increase of size but automaticaUy tends towards the; suppression 
of its neighbours so tlmt the small advantage is cumulative and 
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leads to large ultimate differences. For this reason, doubtless, 
populations of social species often show such a|ymmetry in a 
striking degree. The pure stands of Saltwort {Salicomia annua) 
which grow oh mud ■ flats show the same type of variation if we 
estimate the relative vigour of the individual plants by measuring 
their height as presented, for a random sample of 250 plants, in 
Fig. 4. Reference has already been made to the nearly symmetrical 
variation “ curve ” exhibited by the fruit production of the Cuckoo 
Pint. The circumstances of this species are somewhat peculiar. 
The individuals usually occur sparsely scattered in groups under 
hedgerows or in woodlands, their chief competitors being not 
individuals of the same species but the social plants of the vernal 
woodland flora. Since however these are mostly shallow-rooted 
types, such as Dog’s Mercury and Wood Anemoneis whereas the 
Cuckoo Pint has its corm and root system at an appreciably lower 
level, it is obvious that the competition factor here plays a much 
more minor role. Since we find that even quite small depauperate 
specimens of annual species Avill often produce a single fruit, whereas 
depauperate perennial plants often die before they flower, it follows 
that the annual species will tend to show a greatef preponderance 
of smaller mdividuals than perennials even though subjected to 
similar pressure of competition. 

The more recondite aspects of reproductive capacity involve 
complex relations of balanced; nutrition, the intensity and mode 
of incidence of radiant energy,;' and the correlations between seed 
production on the one hand and vegetattve propagation on the other. 
Such factors are fundamental to a comprehension of the broader 
aspects of distribution and may play a major role as between one 
habitat and another, but within particular surroundings simple 
observations, provided they be accurate, could do much to enlarge 
our knowledge in this field of study. 
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. ; . Physical Chmi^ry Lahoraiofy^ University of Oxford 

Two opposing factors govern all physical or chemical equilibria, 
one relating to energy iahd the other to statistical probability. The 
latter factor has its origin in the molecular structure of matter, 
and because systems ordinarily examined consist of vast numbers 
of molecules.' The thermodynamic expression is: 

. -A¥=TAS^AV^AQ-AU 

where = change of jfree energy when a system changes from 
one state to another, T =,absolute temperature, /IS = change of 
entropy, /lU. = potential energy change, and AQ = heat change.; 
When 4F has a negative yahie the relevant change in the system 
ogcqxa spontaneously •, if it is positive the change is reversed, and 
if it is zero the two forms of the system can exist side by side with 
no tendency to change over, as ice and water at 0° 0. 

The molecular picture of the two factors T4S and 4U is as 
follows. Imagine a system consisting of a great number of mole¬ 
cules, all attracting each other. There will be one particular way 
in which all the molecules can settle down so that their mutual 
attractions are satisfied to the greatest degree, and this must be 
an ordered arrangement, like a three-dimensional waU-paper pattern 
or a pile of cannon balls. 4 U represents the energy , change due 
to mutual attraction and associate with the passage fi-om a dis¬ 
ordered?, to the ordered state. The tendency to; assiune this static 
state, ;how;eyer, ,is; opposed by; the, r^tless molecular moijion ex¬ 
pressible as the temperature. TMs brmgs m the laws of probability 
relating to large numbers. Since there are many possible disordered, 
states and only one or few ordered states the probability that the 
systern will be disordered is greater than that it will be 
Entropy of disorder is the logarithm of the probabiU^,, and the 
T4S term repreiseiits the effect pn, the free energy of, t^ syst^ 
due to molecular statisties. At Ipw, temperatures >t^e 4IJ . tein« 
predominates, and molecular^ ,^stoms ord^ thmnselvto into cryatal- 
.'"477' ' - ; ' ' ' 
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line forms ; at high temperatures the TzIS term is the greater, and 
disordered systems of liquids and gases are found. 

It was noted by early physical chemists that changes from 
crystals to liquid, or liquid to gas, occun’ed at remarkably sharp 
temperatures. I^om the above equation the change-over tem¬ 
perature Tc is given by : T^ZlS == AV, and either term equals AQ, 
the latent heat of the change. The expression phase was employed 
as a general namie for a state of aggregation, and phase changes 
were realised to occur at fixed temperatures and to be accom¬ 
panied by the liberation or absorption of latent heat. The simple 
phase changes solid •<—>• liquid —>gas were supplemented by 
solid - < - . ■■■- > solid changes, enantiotropic (with realisable transition- 
point, e.g. rhombic naonoclinic sulphur) or monotropic (transition- 
pcdnt. above the lueltmg-point, e.g. yellow: and red phosphorus), 
where the same considerations applyt , Different crystalline modi¬ 
fications correspond to different modes of molecular packing of 
different energies and entropies. 

The above concepts' of phase lead to the idea of molecular 
^sterns of like molecules existing wholly in one phase or another 
eixcept at certain iransitiim-pomte where two phases can exist 
together; as the transition-point is crossed the molecules are 
ima^ed’tb tumble entirely from one state of order into another. 
The translation of the -simple thermodynamical equation into 
molecular stai&tics^ however, is complicated by the fact that 
variations of dS and dU occUf with volume and temperature, 
nianifesting themselves in thermal expansion ahd iff specific heat 
changes. The possibility exists therefore that the equation 
TdS = dir might not define a sharp* temperature, sO that under 
some Conditions melting, for examplSj would take place Over a range 
of temperature and the phase change be gradual instead of abrupt; 
To form a moleculhr picture of this possibility it io necessary to 
tiy* and viSttaiise the effect of temperature on crystalline solids and 
KqUids.'l'y'■ - 

' Tn the first’ place, crystalline solids caimot be regarded as 
p6ssessiffg^‘*pe»j/eet regularity of-'nidiecttlar arrangement. Owing 
to ehto^'Mciumulations Of high- thOrffial energy on certain mblecules 
diSplaeenient& from lattice- pdsntiolQS may occur. There are tWo 
pbssibihri^ t' the nmleoule’inff take up an mterlattide' 

^sitmn, or a “ hole ’^ niay appear-in the eiysM yrith a ooixespoffdr 
ingnew site obeffpied at the sifrfai^. - These two possibilities, are 
iSUstrat^ iff Eig. 1/ ‘ The j&aeri’on Of fftich displacements in equi- 
^rimm' at ffffy^^t^^ can bO shovm thermodynaniioally to 

^^hero ® is'Ofdisplaom^ ; Th% •'reehty 
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of this effect has been shown clearly in the last few years, par¬ 
ticularly for crystalline salts at high temperatures, though even 
near the melting-point the experimental values for the displaced 
fraction are as low as 10”'^. If continued in imagination until the 
bulk of the molecules were displaced a disordered system resembling 
a compressed gas or a liquid would be arrived at. Secondly, con¬ 
siderations based on X-ray reflections from liquids, on the similarities 
of volumes and of spebific heats of liquid and crystalline forms, 
on the expansion of water below 4° C. and also on freezing, etc., 
indicate that liquids are as closely akin to crystals as they have 
long been assumed to be to gases, and that some degree of orienta- 



Fig. 1. 


tion must be present among the molecules even in a fluid liquid. 
A second way of imagining a crystal turned into a liquid then is 
to visualise a large crystal gradually reduced to a polycrystalline 
state with larger and larger numbers of differently oriented jnicro- 
crystals. At low temperatures the balance of the terms T^S and 
AV leads to an equilibrium with the minimum of polycrystalliaity, 
i.e. to single crystallisation, and at high temperatures to a limit 
where the boundaries between the micro-crystals become so 
numerous and so mobile that rigidity is lost and the system is 
liquid. On both these views transition from solid to liquid is 
cofdinuous, and the melting-point will be a temperature- 
possibly too small to measure but nevertheless: finite in theory* 
As is shown later, such melting-point ranges are foumi /eitp^ 
mentally, but the range only becomes marked in certain types ^ 
mblepular aggregations. v v v ^ ^ 

Similar to sblid> liquM teaneitioTO are 
changes. The commonest are the numerpua;^ex€to^tes of 
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polymorphism, where the molecules can build themselves into 
more than one kind of crystal lattice which are not energetically 
very different, though geometrically dissimilar. Sometimes the 
different arrangements merely differ in the thermal motions of 
tho. molecules. The best-known example is ammonium nitrate. 
At high, temperatures the NH*"'' and NO»“ groups in the crystal 
rotate freely and behave as spherical ions, but on cooling the 
system passes through transition points at certain temperatures 
where the rotations cease to be maintained against the adverse 
effect of lowered thermal energy. The rotations pass over into 
oscillations to and fro, and the entropy change associated with 
this causes latent heat development at the transition temperatures. 
Similar phenomena are shown by crystals of long-chain fatty acids 
and other substances. 

Of greater subtility than the above forms of polymorphism are 
the order-disorder changes observed in alloys. An example is the 
alloy Qu^Au. The crystal structure is face-centred cubic. At 
high temperatures the copper and gold atoms occupy indifferently 
all the lattice sites. At low temperatures (after suitable annealing 
to secure equilibrium) the copper atoms occupy the centres of the 
faces of the unit cubes of the structure and the gold atoms occupy 
the comers. No change in gross crystal structure occurs, but the 
transition; from the ordered low-temperature form to the less- 
ordered high-femperature one is made manifest by changes in the 
X-ray refleeticms, by specific heat anornalies and by peculiarities 
in the electrical conductivity. The change occurs over a tem¬ 
perature tange, and the ratio of order to disorder is given by a 
term where E is the ,enei^ required to produce N pairs 

of. disordered atoms. In other instances a continuous chaise of 
crystal symmetry: may accompany the order-disorder transition, 
aa;from cubic to tetragonal. These matters have been the subject 
of considerablemathematical consideration, and the results are in 
reasonable agreement with observations, . r : 

The commercial development of plastic materials in late years 
has greatly stimulated work on order and disorder among molecules. 
It is in; this field, that the .older apparently clear-out concept of 
“phase” becomes blurred, sharp transition points are no longer 
observed, andi tha distmction between solid and liquid; carmot be 
maintained. An ideal , liquid is supposed to yield at the smallest 
force; when a graph of appfied'force is platted against rate of 
shear a line is obtained, normally straight, but cuiw^Ki for liquids 
with anisometric paridoles which ate oriented by flow, and always 
pasBrngifluough-the;origin.; An ideal solid is eZosfo'c; after dis- 
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tortion by a transient force it returns to its original shape. The 
change from one state to the other is caused by change of tem¬ 
perature ; if the solid is a well-oriented crystal there is a sharp 
melting-point, but among plastics the transition is spread over a 
wide temperature interval. The intermediate forms between solid 
and liquid show a variety of peculiarities, including the qualities 
of plasticity, reversible extensibility, very high viscosity, toughness, 
flexibility, and setting properties. As one or more of these qualities 
are sought for in particular plastic preparations their dependence 
on molecular structure is a matter of great importance. 

A substance shows Kywid or viscous properties when the forces 
between the molecules are small and the temperature high. The 
smallest steady force causes the liquid to yield because it inexorably 
takes advantage of the continual “ letting go ” of each other by 
the molecules. An elastic solid, however, has tightly bound mole¬ 
cules, and ideally does not flow, though imder great stress it may 
fracture. Below the 3 rield-point solids show elasticity, but the 
extent of the deformation they can stand is very small. Under 
a force acting so rapidly that few molecules release one another 
in the time a liquid will show solid-like behaviour, as well shown 
by pitch or by belly-landings ” in bathing. Three classes of 
chemical interaction may be distinguished (neglecting the metallic 
state), (a) van der Waal’s forces, i:e. weak interactions between 
chemically saturated molecules; (6) ionic forces, which are strong, 
and are found in salts; and (c) chemical valency forces between 
atoms in molecules, which are the strongest of aU. Systems with 
the first type of force only, e,g, methane or benzene, have low 
melting-points, low viscosity as liquid and little hardness in the 
crystalline form. Somewhat stronger intermoleeular forces give 
rise to higher viscosities, as with glycerol. Systems -with (6) and 
(c) type forces, as sodium chloride or quartz, have very high melting- 
points and very great mechanical hardness. Chemical valency 
forces are directed in nature (ionic forces are not), and when the 
molten forms of systems of t 3 ^e (c) are cooled rather quickly the 
molecules may not have time to take up a perfect erystalliae 
regularity. With decreasing temperature Hhe small molecular 
a^gg^regates increase in size and geometrical factors compel them 
to form a very irregular linked structure, rigid but with no^ crystal¬ 
line order, i.e. to form a glass’’ with no sharp melting-point: 
The liquid passes to glass from a mobile to a highly viscpus, then 
plastic, and finally a jd^d state. The intermediate ste^ 

is ill-defined and defies clear specification according to scientific 
methofis, yet the property of plasticity is so important teohifioaily 

It 
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that it cannot be ignored. Roughly speaking, a system is plastic 
when it behaves like an elastic solid up to a certain force (the 
“ yield-point ”), while under higher forces it flows like a viscous 
liquid, i.e. the forcershear curve does not pass through the origin. 
The system may be visualised as having neither all weak nor all 
strong intermoleoular foroesj but to have many weak ones and 
a few; strong ones. Application of a force is unresisted by the 
vej^ weak ones (which are continually “letting go”), but puts 
a severe strain on the few strong ones. If the applied force is 
bigb enough these yield one by one. It is characteristic of plastic 
materials to yield and flow not smoothly but in a series of little 
jerks, due to the slow accumulation by chance of unsupportable 
straius on the few strong linkages in the system, so that they snap suc¬ 
cessively.. In most systems the linkages heal themselves by themole- 
cules.findingnew.partners after a breakage, so that the jerky nature 
of the flow is maintained; if no healing occurs the result is fracture. 

i The precise physical chemist has in the past regarded plastic 
syStenxs vdth disgust, owing to their unconventional behaviour, 
but their very difficulties are now exciting; special interest. They 
cannot be characterised by sharp tempera,tures of phase change, 
while their “ yield-points ” and viscosities not only depend on the 
rate of action of the external force but even on the previous history 
of the material. The clear-cut ideas of stable states here have to 
give way to statistical considerations relating to many ill-defined 
states of nearly equal probability. ; The complications of plastic 
behaviour are shown in: an aggravated fonh by two phase systems. 
Not only do: idle flow properties of plastics vary with rate of shear, 
an effect attributable to particle orientation during flow, but their 
meOhamcal behaviour may show such peculiarities as thixotropic or 
rhfx^eetic effects. Mixtures of the colloidal clay bentonite with 
water, for example, are thixotropic. On standing the mass sets to 
a. stiff mass, but on stirring the systems turn to a wet slurry of 
low. viscosity. The, effect is indefinitely reversible,; and clearly 
makes: an assessment of the viscosity of 'yield-point of the mixture 
a .difflonlt mtatter. JSAeopeasy is almost an opposite effect. When 
stilled gently the s 3 rBtem is flxnd, or relatively so, but rather more 
violent; treatment such: as turbulent stirring or tapping, brings 
about, a considerable stiffening of the mass,; sometimes accompanied 
hy iian expansion volttme (“dilatancy ”). This, behaviour is 
shown by fffcarch pastes or by wet sand when trodden on. : Thixo^ 
teopie pfopffl^ee affe.diown by systems with anisotropic particles. 
(^: is^mding yth© p€brtioles slowly aggregate: by localised inter- 

ohaiim or networjte' orsBS-ctro^ings 
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through the surrounding liquid create a high viscosity or stiffness. 
Stirring disrupts this tenuous structure and reduces the viscosity. 
Rheopexy may arise when similar systems have a high concen¬ 
tration of such particles ; gentle movement here allows the particles 
to orient and slide over one another fairly freely, while turbulence 
destroys the mutual accommodation of particles to one another 
and causes them to pile up and lock together in a chaotic mass 
like shattered boulders on a mountain. Systems of this kind are 
almost intractable in detail by thermod 3 miamics. 

Plastic materials contain very anisometric particles ; the organic 
plastics have very long chain molecules with enormous molecular 
weights, produced by polymerising simple molecules together. The 
process of polymerisation cannot be controlled to give systems of 
equal-sized particles monodisperse ”). All such plastics contain 
a mixture of large and small molecules, and therefore, although 
apparently a single phase, has two (or more) phase properties in 
the sense that the material may be regarded as a mixture of the 
large particles with the smaller. The thermodynamic concept of 
phase, however, loses its clarity here because the bigger particles, 
though large, are still of sub-microscopic dimensions, and because 
of the continuous range of particle sizes. The mechanical properties 
of the material will clearly be dependent on (a) the relation between 
the proportions of long and short molecules, and their absolute 
lengths; (6) the degree of orientation of the molecular chains; 
(c) whether cross-linking between chains occurs ; and (d) the 
freedom of movement of the chains to slide past each other ; and 
(e) other possible moyements of the chains. The behaviour of 
these matters may he illustrated with examples. 

.: The longer the molecules (or the more extensive the degree of 
polymerisation) the more will the plastic assume solid ? charac¬ 
teristics ; admixture with smaller molecules will soften the plastic, 
ultimately giving a liquid of high viscosity due to , entanglements 
of the longer chains. Cellulose acetale forms a solid plastic ; 
acetone converts it to a viscous liquid whidh dries out to the 
plastic again. Dibutyl phthalate also softens it by separating 
the chains, and feeing non-volatile has a permanent effect, namely^ 
acts as a ‘‘ plasticiser.” For a molecule to act as a plas-tdci^ it 
must obviously have sufioient attraction for the poljmaerJmoteotiies 
to overcome the interattractions of the latter and foreeiifehem 
apart and overcome the rigidity of the polymer mass^;, - ; : 

The influence :of orientation is well shown by nyl^ a p^lyiner 
with long chains contadi^g the Imkag^ J ' y 
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The long polymer molecules after preparation are all tangled up 
in irregular shapes, and the material is not specially strong. When 
the substance is stretched it draws down to a finer and finer fibre 
up to a certain point; it then stops with a jerk. At this stage the 
long chains have been straightened out by the stretching until they 
have been brought practically parallel to each other and close 
together. The strong chemical attractions of NH for CO on 
adjacent chains are thereby brought into play and the chains no 
longer relax into coiled forms nor slide further over each other’s 
lengths. A fibre of oriented particles and of exceedingly great 
mechanical strength and resistance to kinking and solvents is so 
produced. Had the chains been solely of hydrocarbon type, with 
small interattraction forces, tension would have produced indefinite 
sliding over each other of the chains, and some recoiling on release 
of tension. The plastic polyethylene, however, has such long 
chains that their mere mechanical entanglement gives the material 
good tensile properties. 

Oross-hiiking between chains favours rigidity of the pol 3 uner. 
Bakelite, the phenol-formaldehyde plastic, has a cross-linked 
structure and is a rigid tough solid. Polystyrene and polymethyl 
methacrylate resins are similar, except that the cross-Hnks are of 
van der Waal’s type and easily broken on warming, so that the 
materials are “ thermoplastic.” Partly polymerised bakelite, on 
the other hand, is “thermosetting,” for heating develops further 
chemical linkages which need such heat to break them again that 
the whole plastic is decomposed. - 

The most valuable of aU the numerous properties of plastics, 
and the one which has excited the greatest theoretical interest, is 
that of “ reversible extensibility ” or rubber-like nature. Because 
of the need for synthetic rubbers much work,has been directed 
in late years towards an understanding of the molecular conditions 
in a system" which enable it to be used as a rubber band or check- 
ropes bn an aircraft carried The thermodynamics of the elasticity 
of rubber prove to differ fundamentally from those of the elasticity 
of ordinary hard solids such as steel. When a spring is stretched 
it remains at constant temperature and the energy is stored as 
potential energy. Molecular linkages are twisted by the stretchy 
and the stretchhi^ energy is converted into work done against the 
action of intermoleoular forces, t.e. is the dXJ term of the beginning 
of this artiolev Rubber on the other hand heats on stretching, 
and 'vriien allowance is made for “ heat of ei^stallisation,” discussed 
belowi it is foimd esperimeutally that all the work of stretching 
is convert^, into heat enei^ and “ lost.” The stretched rubber, 
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however, is stiU capable of snapping back when released. The 
term affected by stretching in the equation : Work = TJS — AXS 
must here be the entropy term TzlS(= ^Q). On release of tension 
the rubber must fly back, not because its molecular linkages had 
been bent or twisted, but because the shortened state is “more 
probable ” than the stretched form. The system must have close 
analogies with that of a gas. A compressed gas thermodynamically 
resembles stretched rubber; both have evolved heat equal to the 
energy of compression or stretching, yet both have a tendency to 
release the energy again intact later (cooling in the process). The 
entropy term for a gas arises from the fact that a large volume is 
a “ more probable ’’ state for an assemblage of free gas molecules 
than a small volume. It only remained for this concept to be 
suitably transferred to the rubber molecule to have an explanation 
of a “ rubber.’’ Natural rubber contains very long chains of 
polymerised isoprene: 

cL, 

In the raw state it is imperfectly elastic; the stretched form 
“ creeping ” oTving to the chains slipping past each other. When 
heated with sulphur the substance is “ vulcanised.” This treatment 
ultimately yields the hard rigid material known as ebonite; the 
sulphur reacting with the double-bonds of the chains and bringing 
about extensive cross-linking between them so that they are locked 
together. More moderate vulcanisation, however, gives a rubber 
in its optimum stretchable form. The amount of sulphur for this 
purpose produces cross-links only here and there, enough to prevent 
viscous flow, but leaving long intervening lengths of chain unaffected. 
Now the valency angle C—C—C is 109-6°. If we consider a chain 
of single links and start from the first, regarded as fixed in position, 
the second link can lie randomly at any position on a cone of vertical 
angle 109-6°. iFrom any of these positions the third link in the 
chain can lie at any position on another similar cone, and so on. 
An almost unlimited number of molecular shapes is thus possible, 
some elongated, some very tarried up. The distribution of overall 
molecular lengths can be calculated statistically just as Maxwdl 
was able to calculate the distribution of velocities among molecule 
in a gas. The overall length is given by the expression (probability 
of a length r) where and Jja are constants; This 

curve is well-known in probability theory and shows oh plotting 
or differentiation that the most prol^ble value of r is 1/^*. Chains, 
i.e. those portions of the molecules between the few cross-links. 
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will favour the coiled-up forms this length corresponds to if left 
Etidne. On stretching, however, the chains are forced to take up 
elongated forms. When the puU is released, the inaterial contracts 
not because linkages have been twisted against intermolecular 
attractions; since no force is required to bring about the valency 
bond rotations here considered, but because the elongated form is 
improbable, i.e. has a low entropy, and seeks to return, to the state 
where the entropy* is a maximum. In just the same way a com¬ 
pressed gas expands when the pressure is released, as it is more 
probable that the molecules will occupy all the new space available 
instead of remaining isolated in a small part of the total volume. 

The orientation of the chains by stretching is easily shown by 



Stretched 
Ers. 2. 


X'-rAy reflections. The approximately parjillel molecular arrange- 
mehts so produced can be regarded as an> imperfect type of orystal- 
lisiftion; The artificial forcing of molecules alongside each other by 
steetchkig leads to the liberation of “ latent heat ” caused by the 
effect <c& intermolecular attraction forces. ' This is superposed on 
the enttopy hea-t mentioned above. The “ crystallisation ” is very 
diflSleuIt to; define precisely^ X-ray results show that the average 
siMS of ther-w^-oriented regions ate much- less than the effective 
eh^ tegth of the subStaiice. Instead of the “ crystal ” being 
greater than'the ‘‘ molecule ” we have here molecules longer than 
the ‘‘‘'fiystals.’^ M ■ shows (fiagrammatically the chains' in 
strietbhed and unStretehed rubber; in the Stretched state each 
ehafik ipiffl^ through: teVOTai ‘‘orystaHiue ” and s^eral “ liqmd” 
regions^ : 
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A number of chain-polymers of very diverse t 3 ^es show rubber¬ 
like properties, e.gr. 

Plastic sulphur —S—S—S—S—S— 


Polystyrene 



Gelatine —NH~CH-~CO---NH-~CH--CO-~ 

(when swollen) | | 

R R 

and in spite of its rather indefinite character on the phase ” 
concept the rubber-like state must be recognised as an intermediate 
form between liquid and solid. The intermediate form differs 
from a “ glass ” in that it is composed effectively of ‘‘ solid ” and 
liquid ’’ regions separated by hazy boundaries. Rubber-like 
properties exist only within a temperature range, not definable of 
course by sharp limits. At low temperatures the molecular chains 
have insuflS.cient thermal energy to vibrate freely ; they are locked 
to each other by van der WaaFs forces and the material is rigid ; 
at high temperatures the inter-molecular forces are \mable to with¬ 
stand a sustained stress and the material shows viscous fluid 
properties. Only between these temperatures can rubber-like 
properties be developed, and then only when the intermoleoular 
forces are just of the right character, not too powerful as in nylon 
or dry gelatine, nor too weak as in hot plastics, and having long 
relatively freely moving chains interconnected by strong valency 
forces at a few suitable points. The development of a rubber-like 
state is clearly very sensitive to inter-chain attraction forces ; 
hence its critical dependence on the nature of side-chains. Inter- 
polymers, where more than one type of molecule is introduced 
into the chains (as in the buna rubbers), may give better rubbers 
than the component substances, and plasticisers (as swollen gelatine 
plasticised by water) often favour these properties by modifying 
the chain attractions in just the right way. A vast field still awaits 
exploration here. The general principles are fairly clear, but the 
detailed application can only be solved by widely spread laboratory 
work* 



SOME ASPECTS OF THE GEOLOGY OF 
WATER SUPPLY 

By EMERiTirs-PBorESSOB P. Or. H. BOSWELL, D.So., E.R.S., F.O.S. 

Rbobnt legislation, long oyerdue, has resulted in the placing of 
important Water Acts on the Statute Book. When, sixty years 
ago, the pioneer "work of the Franklands caused substantial improve¬ 
ment in the purity of public water supplies we passed one milestone 
on the road to national health. Now, since the new Acts are designed 
to secure, in due course, an adequate supply of pure water for every 
inhabitant of Great Britain, we may congratulate ourselves on 
reaching, even if tardily, another milestone. 

The nqw Acts are concerned, among other matters, with the 
provision of water for rural as well as urban communities; with 
protection of sources from pollution; with conservation of supplies 
in areas where there is risk of over-development ; and with the 
compulsory recording of geological, and other data obtained when 
new wells and boreholes are sunk or old ones extended. Although 
the Acts apply to Great Britain, the principles underlying their 
provisions are necessarily of wide application : moreover, the in¬ 
formation, that win be gathered and the experience that wiU be 
gained as schemes are prompted upder the new charter will prove 
of great value to those whose business it is to provide water for 
domestic or industrial use, no matter where they may be called on 
to dam lakes and rivers or bore the neighbomrhood. 

" It is with the soieptifio repercussions of the new legislation, 
especially as regards underground waters, that we are here more 
particularly concerned: and in this connection it is appropriate 
to review th© progress during recent years of the application of 
hydro-geplogioal principles to the exploitation of water supplies. 

Hitherto, retutos of information about the geolo^cal strata met 
with in wells and boreholes, the depth at which water was found, 
the quantities yielded on pumping, and similar matters, have not 
l>eeh obligatory. Now, however, the new Acts require that persons 
abstracting water from any source shall record and forward the 

488 ■ 
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desired data ; and they lay down certain requirements as to notices, 
inspection and returns wMch mist be complied with in future by 
those who sink wells and boreholes in search of water of a depth 
of more than 50 feet below the surface^ With these statutory obli¬ 
gations, it will probably not be so easy (if we may recall the pawky ^ 
humour of a Scottish geologist) to be unwearied in well-doing. 

Many enlightened well-sinkers (with the permission of their 
clients, either private consumers or industrialists) have in the past 
made a practice of forwarding details gratuitously to the appro¬ 
priate Government department (namely, the Geological Survey of 
Great Britain). Unfortunately, however, many wells and boreholes 
have been sunk, and some in due course even abandoned, without 
the information being made available for the benefit of the com¬ 
munity as a whole. Here, it should be emphasised that, in opera¬ 
tions involving geology, even if water is unobtainable, failure is a 
good second-best to success. Moreover, experience has shown that 
most of the records submitted lack completeness and accuracy ; 
occasionally, this arises from a fear that the information may help 
a rival, but in many instances it has been the result of ignorance 
of the natime of the records required. There is now no excuse for 
inadequacy of detail, since, following the passing of the Acts, the 
appropriate authority (the Department of Scientific and Industrial 
Research) has issued a memorandum setting out clearly the matters 
to which attention should be directed in making the returns. 

In this document persons concerned with the sinking of wells 
and boreholes are required to keep a journal of the progress of the 
work; to record the precise site (preferably marked on a 6-inoh 
Ordnance Survey map); to supply information about surface level, 
depth and diameter of the well or boring; to record the lengths, 
diameters, perforations, etc., of lining tubes ; to supply details of 
strata met with; and to record the levels and flow of watei, the 
results of test-pumping and the time of recovery of water-level after 
cessation of pumping. The Director of the Geological Survey must 
be notified of the operations so that a competent officer can visit 
the site, inspect the records and see the cor^ or other geological 
specimens obtained. Provision is made for keeping the information 
confidential if so desired. 

So much for the legislation: now to consider the scientific 
aspects. At the outset, we should remind ourselves th^t the pro¬ 
vision of an adequate water supply for every inhabitant of the 
kingdom is, fortomitely for us, only a matter of £ a. d.>: since the 
rainfall of Great Britain is more thim sufficient to satisfy all the 
coirntry’s needs many times overi But, although; the rain faHs 
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indiscriminately upon “ the just and unjust fella,” it is usually 
more abundant in sparsely populated re^ons than in dense urban 
areas where consumption, both domestic and industrial, is highest. 
This irregular distribution and demand calls for schemes which often 
involve the transport of water for long distances (100 miles or 
more): and cost naturally rises with storage capacity and length 
of pipe-line. At present, the greater part of the population relies 
on surface supplies of water, i.e. from springs, rivers, lakes and 
impounded reservoirs. Their exploitation is a task for engineers, 
although geological ad^rice is sought when questions arise of the 
character of the ground and structure of the rocks. Tor the re¬ 
covery of underground supplies, oh which about 30 per cent, of 
the population are dependent, the active co-operation of geologists 
and water engineers is desirable and, indeed, general. 

In Britain, conditions are exceptionally favourable for the study 
of undergroimd water. In the first place, for example, we have 
many excellent aquifers (i.e. water-bearing formations) of different 
types and, in the second plade, the country has been riddled with 
borings. - Centuries of mining for ooal and other useful minerals, 
apart from the demand for water.in a terrain of relatively dense 
population, have placed us in a scientifically advantageous position 
in this respect. In few countries of similar size can the earth’s 
surface layers- have beqn so repeatedly pierced ; aind, in particu¬ 
lar,, in the London and Grireater ; London area (occupying about 
2700 square jniles) the weUs and boreholes amount to many thou¬ 
sands. = Consequently, our . knowledge of the hydro-geology of this 
area is extensive and peculiar, and serves admirably for illustrating 
and extending the weE-known principles of water supply. Indeed, 
-we must hafe aU pcffisible. information here, since the inhabitants 
number almost one-quarter of the total population of Great Britain, 
aiid jProfessor Sir Pafaick Abercrombie’s fascinating dispersal scheme 
raises many:water-supply difficulties. ' 

With few exceptions, the ultimate' source of underground water 
is rain. A certain proportion of the rainfall is lost by evaporation 
frqm the soil and the remamdet either flows off -the sur&ce as 
rivulets mid streams dr sinks through the soil and subsoil, the 
respective routes depending oh, whether the underlying geological 
strata are-impervious or permeable. 

It is frimfliaf' to all that: ini; countey occupied; by thick - clay 
deposits there; can be no appreciable percolation underground/ ahd 
inidistricfs where such Toofe as lime^ne (induding chalk)/sahd- 
s^ds and (gravels crop: out- thme rnayi be iffaoticallyj no 

ground.;.at0: to 60 -per cent, of 
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the rainfall may pass underground, to be stored in the pores or 
fissures of the rocks. If the permeable beds are thin, they neces¬ 
sarily store little water : therefore, we turn to the thick formations 
for large-scale supplies. The saturation of a porous and fissured 
rock has led to the use of the rather loose expression ‘‘ underground 
reserYoir,’’ for want of a better’ term, but it ought not to be 
allowed to convey the idea of a vast underground cavern in the 
rock, since such a feature is very rare in the earth’s crust. In 
fissured rocks such a reservoir is often a congregation of tiny 
rivulets. ; , 

The level to w-hich water rises in a permeable formation is 
measurable in shafts and boreholes. As is well known, it is sub¬ 
ject to seasonal fluctuations, rising after rainfall and sinking during 
times of drought. Obviously, therefore, this reservoir of waters 
saturated rock should not be envisaged as one of still water. There 
is, indeed, a moving body of water : were it not so, the interstices 
of the rocks would long ago have become filled up and Water would 
now be perpetually overflowing at the surface. Locally, of course, 
it does become filled up, in which case we see iswamps arid Water¬ 
logged areas. Generally speaking, however, the water is in con¬ 
stant motion, finding its own level locally, so that the surface 
appears horizontal, but actually working its way slowly downwards, 
its level and ^adient determined by the situation of its outlets, as 
will appear hereafter. 

To state that rmderground water is in motion is, of course, a 
commonplace. Most of us are familiar with the results of experi¬ 
ments designed to determine the direction and rate of flow. The 
common method of determining such movement is that of putting 
harmless salts or dyes into wells and boreholes and watcMng for 
the appearance of the doctored water in other wells or spriugs and 
rivers. From these experiments it is evident that the cdui^se of 
water underground may in places be very sinuous. At times it 
reappears in the least expected spots. In the great Carboniferous 
Limestone area of Yorkshire, for example, the wayward behaviour 
of water near the head of the River Aire has long aroused intere^. 
The stream from Malham Tam sinks underground about half a mile 
below the lake and leaves the valle;^* of the Aire dry for nearly a 
mile. The water which then em^ges as springs at Malham Coye 
proves to be a different stream, however, which has sunk tmdergtbriM 
at Smelt Mill Sike, some distance towards the noith-w^ j 
the Malham Tam water is found to em€>tge farther WutSwa^^ 
the Aire Head springs. Thus there is evidence of; w 

terranean courses, which may cro^ and rebross^ brit with rio bom- 
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mingling of the water, for each stream apparently keeps to its own 
fissure-system. ^ 

Again, similar experiments in the Chalk area of the London 
Basin show that water which passes underground by way of the 
Mimma swallow-holes in the upper part of the valley of the River 
Colne near Watford reappears in the Lee valley near Amwell. It 
thus travels north-eastwards, taking 2 to 3 days for a journey of 
10 to 12 miles (Report of the Director of Water Examination, 
Aivmal Report of the Met/ropoUtan, Water Board, 1937). Not the 
least interesting feature of this example is that the water takes a 
course very difierent from that of its normal flow, which we know 
from other evidence to be south-south-eastwards or southwards. 
Evidently, part of the water which sinks underground takes one 
course and part another, although joumejdng to the same goal, 
the central and deeper part of the London Basin. 

Fortunately for geologists (who are expected to be prophetic in 
these matters) such instances of erratic behaviour of umderground 
water are exceptional; In the main, the problem remains simple, 
provided that the data on which we work are reasonably numerous. 
These examples do serve to emphasise, however, that it is not safe 
to assume that the drainage areas and watersheds of the under¬ 
ground water system correspond accurately with the catchment 
areas and watersheds of the surface (or overground) drainage. 

It is therefore important that as much information as possible 
about the levels and character of underground water shoidd be 
obtained. In porous rocks the various levels (determined by 
measuring the depth of water in weUs and boreholes, or observed 
in shafts^ tunnels and adits) mdicate the position of the surface of 
saturation, or “ water-table,” as it is often termed. This surface 
may be almost plane m limited areas, with a more or less gentle 
, gradient, or it may prove, on being plotted on a map, to be rolling, 
much like a subdued landscape, with smooth hills and hollows, 
well-defined valleys and sometimes relatively steep scarps. 

■ In the case of . fissured rooks like chalk, the rook material is 
either of low porositj or contains pores too small for water to travel 
freely. The water then rises and falls in fissures, still endeavouring 
(but sometimes less successfully than in porous rocks) to find its 
own leveL Nevertheless, one observes that when cavities such as 
wells, boreholes, adits, etc., are made in such rooks, the levefe of 
the water surface tend to lie on a similar plane: Thus, we can 
still' speak of the water-table, even if it .becomes a rather theoretical 
conception, in fissured groimd which has not been riddled by bor¬ 
ings. This, leads to tiie obnrfction that, to the study of . water 
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supply, one of the most promising methods of the past fifty years 
has been the construction of maps showing the contoured surface 
of the water-table. Such maps have been termed isopiestic maps, 
because they furnish a clue to the varying pressure, due to hydro¬ 
static head, at different localities. The use of these maps in the 
past has been hampered by the scanty nature of the records in 
certain areas, but as more information has accumulated, the carto¬ 
graphic method of analysing and interpreting them has proved of 
increasing value. Htoce, it is impossible to exaggerate the import¬ 
ance of the provisions of the new Water Acts which relate to 
systematic recording of information. More records and more 
accuracy in the data will result in greater precision being given 
to predictions. 

The floor of the underground reservoir is formed by a bed of 
impervious rock (for example, clay, mudstone or crystalline rock 
such as granite) underlying the permeable water-bearing stratum. 
Since the geological succession in the earth’s crust often consists of 
alternations of permeable and impervious strata, several distinct 
reservoirs can be present, each with its water-table. A well-known 
case in the Greater London area is that of the upward succession 
Weald Clay, Lower Greensand, Gault Clay, Chalk, London Clay 
and associated beds; in which the aquifers are the Lower Green¬ 
sand and the Chalk. They are separated by a thick bed of Gault 
clay, and each has its water-table which may be tapped by making 
borings of appropriate depth. 

Since the form of the water-table is influenced by capillary 
action, it rises under hiUs and falls under valleys in such a way 
that its shape is in general similar to that of the surface topography, 
but is less pronounced. Its gradients are controlled, as would be 
expected, by the position and level of the points where it intersects 
the surface of the ground; also, by the rate at which it can per¬ 
colate through the rock—’Which depends on the mechanical pro¬ 
perties (such as particle-size, grading and cementation) and structure 
of the rocks. The water appears as springs and seepages, many 
of which lie on valley-slopes, in river-beds, or close to the sea¬ 
shore. Ultimately, all ground-water hot tapped en route reaches 
the sea. If it is held down by clayey beds in maritime areas and 
is under hydrostatic pressure because of the height of its catojhment 
inland, it may emerge as fountains of fiesh-water in the sea, with 
disastrous effects on fish and other marine organisms, Usually, 
however, it tricUes out on the sea-shore or oozes from As 

the level there is approximately Ordnance datum, the Water-table 
along the sea-shore shows the zero contour. ' 
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The surface of the water-table may also show a zero contour in 
inland areas where basin-like hollows have been produced, because 
water , is being extracted by pumping at a greater rate than it can 
travel in from the outcrops of the aquifer. Such areas are said to 
be over-pumped (Figs. 2 and 3). Here, indeed, the hollow may 
extend below sea-level, with the result that contours can be plotted 
at 100 feet, 200 feet, 300 feet and so on below O.D. In low-lying 
areas with internal draihage, like the Dead Sea region, we can also 
have negative contours, determined by the low level that is provided 
for the exits of the groundrwater. 

An early water-contour map of the London area (possibly the 
first of its kind) was prepared about seventy years ago by J. Lucas, 
a pioneer in the scientific study of underground water (Fig. 1). He 
recorded observations of the seasonal fluctuations of water-level and 
of the depressing effect of pumping on these levels. Thus he showed 
clearly that, in order to produce accurate contour-maps, we must 
have regard to the season of the year at which the records were 
made and if possible take all our readings at nearly the same time ; 
also, that it is the rest-levels (or standing-levels) and not pumpmg- 
levels (or working-levels) which should be plotted. These ideal 
conditions can but rarely be approached; however, when R. E. 
Middleton^ a distinguished engineer, was asked by the Royal Com- 



FiGf 1,—Water ^ the oi the London area, ,1879 X 

'' ati the TO coatours axe referred to 0*i>. JUthou^ the cdutoure show evidence 

of nyerptunjping in TO City am, i^ey.|tft^^Upw TO 
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Fia. 2,—Water contours in the chalk of the London area, 1936. 



Fig. 3 .—Water contours in the chalk of the London area, 1943. 
(Hbthebutqion, Trans, Inst, Wtstsr JSwfy., 1944, 49 , 133 and ISO.) 

{B&pro&msd by permUssim of the, Aixtkor and the OotmctU of the In^dutim of Water Snginms,) 
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mission on the Water Supplies of the Metropolis, 1893, to investi¬ 
gate -water-levels in the northern part of the Greater London area, 
he succeeded within a few weeks in producing a contoured map of 
the water surface from observations he was able to make over 
a wide area. His map has proved of great value and 
interest. 

Subsequently, maps showing the water position in various parts 
of the country have been produced, but aU, so far as the writer is 
aware, have been compiled from records made at different times 
(excepting in a few smaE districts) probably because no official 
organisation existed for taking synchronous records and no private 
individual had the time, money or facilities to do so. Thus these 
maps lack accuracy ; nevertheless, when used with knowledge of 
the probable limits of error, they are of considerable value. And 
they give us an opportunity for determining broadly the changes, 
if any, in water-level that have taken place in the course of years 
(cf. Figs. 1, 2 and 3). 

Between 1929 and 1936, Mr. R. C. S. Walters prepared maps 
on a l-inch scale depicting the water contours of the chief aquifers 
in England, namely, the Triassic sandstones, the Oolites and the 
Chalk. Layer-coloured according to height above O.D., his maps 
were beautiful and illuminating productions, being published by 
the Institution of Water Engineers and, later, in The Nation’s 
Wat&r Supply (London, 1936). Unfortunately, in order to bring 
them into reasonable compass, they had to be reduced to scales 
of 4 and 10 miles to 1 inch. From them, however, we can (as 
Mr. Walters did) dra-w certaiu useful deductions, although they 
cannot serve for detailed work in particular localities, since recourse 
must then be made to 6-inch or 1-inch maps. It may be noted, 
however, that in ceytam areas the reduction in scale probably 
resulted in smne compensation of errors. 

We may next consider the possible errors that are likely to 
arise from use of the existing records. Since the standing-level of 
the water in the various wells has, with certain exceptions, been 
noted only occasionaEy (the dates usually bemg unspecified), the 
average levels in any particular wells caimot be determined. In 
some instani^, however, levels iii certain groups of weHs have been 
recorded in one and the same season, and in other oases, continuous 
records of standing-levels in individual wells have bwn tabulated 
throughout many years, when the average level can be calcula.ted. 

Since the contours are plotted sb as to pass through and, pro- 
jH)riionately, betwem a number of controlling points, their positions 
may be subject to some modification when addi-tional information 
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becomes available. It is noteworthy, however, that on the scale 
of 1 inch to 1 mile new records are now found in many districts 
to fit in satisfactorily with the older plotting, thus xiecessitatiiig 
little correction. Where modifications of the position of the con¬ 
tours are required, they are usually in the nature of adjustments 
marking small elevations or depressions of the water-table. Since 
they do not call for a change in the main run of the contours, we 
can feel confident that our maps to-day repr^ent the average 
position of the water-table during the past few years. 

Where discrepancies occur, -we find that the older records are 
usually out of accord. It is therefore an advantage to adopt the 
practice, as Dr. David Williams has done, of indicating on the maps 
the decade during which each particular observation of water-level 
was made. Then, especially in areas known to he overpumped, or 
in danger of becoming overpumped, the earlier records are readily 
detectable and can be adjusted. 

Allowing for the possible margin of error in these contours, we 
can utilise the maps for predicting, with due caution, the standing- 
levels at intermediate points ; for helping in the siting of new wells ; 
and for estimating likely yields and the character of the water. 
Moreover, we can deduce from them certain interesting conclusions 
concerning the behaviour of groxmd-water in the area depicted. 
Some of these points are referred to in the sequel. 

To consider first the problem of predicting the probable standing- 
level in a newly sited well, which depends on its position with respect 
to known contours, we may note that limestones such as the Chalk 
have been regarded as too highly fissured for the water-level to be 
of more than local value. Now it is true that we have knowledge 
of closely set, almost adjacent, boreholes or wells in which standing- 
levels differ by so much as 60 or 80 feet, but in the writer’s e^eri- 
ence such great differences are exceptional. They can be explained 
by regarding the lower of the levels as that of water confined in a 
relatively closed fissure-system (i.e. one in which the outlet fissures 
are very fine and/or greatly ramifying), for the upper of the levels 
usually accords with the average height of standing-level of the 
district. Although these abnormally low levels are met with occa¬ 
sionally, it is rare to find a reliable modem record appreciably 
higher in level than that of the average for the neighbourhood. 
Therefore, despite the weU-known effects of the sinuous fis^ne- 
systems of the Chalk, the ground-water apparently fills up^ ^the 
interstices of the formation to concordant teveb under atutospheric 
pressure, and is often assisted in reaching its proper levd; by the 
excavation of wells, adits and boreholes. Although a stahdmg-leve^ 

K K 
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may take longer to attain in such fissured rocks, it seems to be as 
reliable as that in sandy and gravelly formations. 

The form and spacing of the contours shows that there is a 
steady downward movement of water under greater or less pressure 
towards the sea, We are justified in assuming that the direction 
of most rapid flow is at right-angles to the contours, although we 
realise that fissure-systems modify the direction locally and may 
even, in specM cases, lead for a space to movement oblique to, or 
even parallel with, the general run of the contours (as in the Colne- 
Lee case cited above).* Since the height of the water-table is in 
part controlled inland by its emergence in vaUeys, the V-ing of 
contours up major valleys is a characteristic feature of water- 
contour maps. Further, it is perhaps noteworthy that even where 
the water-table does not emerge in valleys, but is situated at some 
distance below them, the same feature is seen (e.^. the R. Cray 
and R. Darent). From this fact we may infer that the vaUeys 
mentioned originally, owed their position to the ease with which 
erosion could take place along belts of country which were vulner¬ 
able because of open fissuring ; and that here the rock was more 
rapidly disintegrated and the water enabled to penetrate downwards 
and seawards more easily. 

On the other hand, where a jpermeable formation like the Chalk is 
concealed by a thick cover of impervious strata such as the Tertiary 
deposits (as is the case over a large part of the London Basin) and 
the valleys do not out through this mantle, the water-contours take 
no account of the existence of surface depressions such as valleys, 
but pass directly across them, following the general trend for the 
district. Examples are seen in the lower part of the Colne valley, 
the'Lee valley area below Hoddesdon, and the Roding. 

1 The gradient of the :vmter-table in the Triassic sandstones of 
the north Midlands is 23 to 30 feet to the mile, that of the Oolites 
30 feet and that of the Lower Greensand very variable, from 5 to 
75 feet; That in the Chalk varies in different parts of the country, 
" but over-most of the north of the London Basin a figure of 16 to 
25 feet to the mile is usual and in the south 40 to 60 feet to the 
mile. In Essex, however, it is exceptionally low and may not 
exceed 1ft feet to the mile. The effect of overpumping is to in¬ 
crease this gradient to as much as 80 to 110 feet to the mile, but 
whether or not it is practicable to pump so heavily as to cause this 
gradient to:*be exceeded has yet to be demonstrated. In the mar¬ 
shal areas of the Lpndon* Basin (that is, the actual- catchment 
^ound dr country * near to it) there is a fairly constant gradient., 

maps we can; if we w^ish, prejpare an 
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alternative type of map. Instead of the contours, gradient vectors 
may be inserted showing the directions of water flow (at right- 
angles to the contours), the length of the arrows being made pro¬ 
portional to the gradient. Underground watersheds are then as 
obvious as on contour maps and may be readily compared in posi¬ 
tion with surface watersheds plotted on the map ; also, areas of 
underground catchments may be conveniently shaded and the 
difference from contoured overground catchments made easily 
apparent. Indeed, this method of representation is most service¬ 
able when we wish to avoid the confusion that might be caused 
on maps displaying other sets of contours such as those of the 
surface or base of the aquifer (Fig. 4), isopachytes (thickness curves), 
or isometric lines indicating relative hardness or salinity. 

In view of the errors to which they are subject and the small 
variations in height of the water-table resulting from local changes 
in atmospheric conditions, it is doubtful whether it is serviceable 
to plot contours at less than 25-£oot intervals even in an area where 
there are numerous wells ; or less than 50-foot or 100-foot intervals 
in districts where records are sparse. Contours have sometimes 
been plotted at lO-foot intervals—^by interpolation. The maps 
have then a striking appearance, but may convey an impression 
of greater accuracy than is actually warranted. 

In many areas the contours follow generally the strike of the 
geological strata—which is another way of saying that water tends 
to travel most readily down the dip of the beds. Locally there 
may be variations, like promontories or embayments, which are a 
reflection of local topography or mark unsuspected gentle crumpling 
in the rocks. Should an area be heavily pumped, however, the 
maps do not represent standing-levels (since some of the wells may 
never be rested, or some rested whilst others are at work), but a 
position of the water-table intermediate between that of the natural 
surface of saturation and the true depressed table which would 
result from continuous pumping of all the weUs at the same time. 
The contours may then bear no relation to the dip of the forma¬ 
tion or the surface topography, a condition of affairs that is referred 
to below and illustrated in Fig. 4. 

Numerous attempts have been made to estimate the resources 
of a district by determiiiing the area of permeable rocks exposed 
at the surface in the overground catchment which may reasonably 
be expected to supply the underground reservoir, this method 
is persisted in, although nobody knows whether or not any of the 
estimates come near the truth cert^ly, in many cases^ w 
from experience that they have been too low;, 
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arriving at a figure for the total resources has depended on two 
assumptions, first, that the underground catchment coincides on 
a map vrith the overground catchment, and secondly, that a par¬ 
ticular figure for percolation, expressed in inches of rainfall per 
annum, is a fair one. We are here concerned only with the &st 
assumption. The increase in the number of records of standing- 
level in wells and boreholes has permitted the position of the under¬ 
ground watersheds to be determined more or less accurately and 
we are now in a position to make much greater use of water-contours 
than we have hitherto done. They bring out at least one point 
forcibly, namely, that there is little justification for basing estimates 
on surface catoianents of small streams (for example, those where 
the area of permeable beds amounts to 60 square miles or less) in 
as much as there is no secondary undergroimd watershed corre¬ 
sponding with that above ground. In the case of catchments of 
larger streams or tributaries (where the catchment comprises 100 to 
300 or more square miles) the underground and overground catch¬ 
ment areas may diflFer by so much as 10 or 15 per cent. As still 
larger districts come into the picture, the give-and-take between 
the marginal parts of the constituent areas tends to cancel out, so 
that the underground catchment of a large basin such as that of 
the' River Thames, to take an actual example, may prove to be only 
60 or 60 square miles less than the overground area (that is, about 
1 per cent., a relatively insignificant amomt). Here a belt of 
country 24 miles in length and 2 to 4 miles in breadth contributing 
to the Great Ouse drainage accormts for most of the differ¬ 
ence. 

If we cannot safely use the figures for the surface catchment 
areas of small streams (as, indeed, we have long realised from the 
fact that'the actual yield from wells is firequently in excess of the 
postulated theoretical intake) and the water-contours fail to show 
tmderground watersheds, we may ask ourselves what use can be 
made of those lines for estimating the reliable yield of the area of 
supply of a particular undertaking. Only in very exceptional cases 
does a statutory area of supply bear any relation to the distribu¬ 
tion of geological formations or water-contours. The best method 
of estimation seems, therefore, to be. one based on an Assumed 
delimitation of “ zones ” defined by boundaries drawn approximately 
at right-angles to the water-contours, and thus following generally 
the direction of flow of the ground-water. The boundaries d:^ tiiesO 
zones must necessarily be arbitrary, biit they can be fixed for the 
particular purpose of the calculation to cover the lateral extension 
of an undertaking’s area of supply, if the total resources of that 
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area are in question, or to the sphere of influence of a well or group 
of wells, if the reliable yield of such is to be determined. 

Effectively, the method of dividing the area into a system of 
zones does not differ materially from the practice of supposing wells 
to be distributed over that area in such a way that it becomes in 
due course, “ saturated.” If, by increasing the number of wells, 
the safe limit is passed, overpumping of the area is inevitable. 
Obviously, where water-contours form V’s up valleys and show that 
the flow of water is being directed in such a way that the resources 
from the, upland area are relatively depleted while those in the 
valley area are augmented, the spacing of wells in the upland area 
must be sparser, while that in the valleys can safely be made closer. 
Indeed, this is what has happened as a result of “ trial and error ” 
in many districts. 

, This procedure brings us to the thorny problem of the sphere 
of influence of a well or boring, that is, the distance to which the 
effect of pumping is felt. Several factors determine this distance 
—the variations in the lithic character of the geological formations 
from place to place, the development of fissures in certain prevalent 
directions, the diameter of the well or borehole and presence of 
adits, the intensity of the pumping (and therefore the depth of the 
cone of depression that it causes) and so forth. Here and there, 
enhghtened water authorities have sunk small observation boreholes 
at varying distances from a pumping-station, when, valuable records 
qfthe .amount of depression of the water-table caused by the pump¬ 
ing have been obtained. At this stage, it should be said that the 
cone of depression (or cone of exhaustion, as it is sometimes termed) 
isnot ja ^e cone, for the surface is curved and is convex upwards, 
thus it steepens rapidly near the pumping-site, but flattens off 
gmdually with distance. Were it not for the expense of sinking 
these observation boreholes and installing automatic recording 
apparatus, the practice would have been more widely followed. 
Probably, however, many more of; such boreholes will , be sunk in 
. the.,futile, , 

, A few examples of the distance to which the effects of pxwnping 
have extended may be of intereist. In the Triassio sandstones, 
pumping pf the order of 2 to 6 nullion gallons a day has resulted 
in an observable depression up to f mile, or in exceptional oases; tp 
rather over .(mp. mile. (The expression “ observable depression ” is 
used because the secular variations in water-level prevent us from 
relying on records which show a fall of less than L or 2 fpet.) In 
where fissure-systems are all-important, the . extent of . the 
e^e considerably in dMEprent districts, , In many \areas, the 



SOME ASPECTS OF THE GEOLOGY OF WATER SUPPLY 503 

effect of pumping at rates of 2 or 3 million gallons a day has not 
been felt for more than \ mile, in others, up to 1 mile, and in a 
few exceptional districts (as, for example, those of the strongly 
fissured Chalk of the Lee valley) for as much as 2 or 2| miles. In 
cases where the distance is considerable, the direction of greatest 
influence is that of the trend of the dominant fissurersystem, and the 
plan of the " cone ” becomes, not a circle, but an elongated ellipse. 

It will be evident that the cone of depression established by a 
large pumping-station (of 3 to 8 million gallons a day output) causes 
a ‘‘ drawing-m ” of the lines of flow of undergromid water and thus 
changes the courses of the water-contours, An ideal example 
can easily be sketched out. If wells, especially large wells, are too 
closely spaced, the cones of depression interfere with each other 
and a general lowering of water-level results. Thus the waiter^ 
contours come to take a new and quasi-permanent pattern, as in 
overpumped areeis. 

: : A comparison of the waterrcontouir maps prepared at intervals 
over a period of years is most illuminating; WTiere the demand 
for water is; small, or where the underground supplies of a region 
have been developed with foresight, no appreciable change is dis¬ 
cernible in (she position of the contours (apart from small correc¬ 
tions resulting from increased number of data). We have there¬ 
fore no reason for thinking that during the past half-century there 
has been any change in underground conditions detrimental to the 
community, but it must not be forgotten that a gradual reduction 
in rainfall may take time to show its effects. Where development 
of an area, especially industrial development, has proceeded mtmi- 
sively, the change in the pattern of the water-contours is strikingly 
revealed (c/. Figs. 1, 2 and 3). If water-contours are checked 
annually, or every few years, in the future, we are likely to be 
warned in time of any impending danger of overpumping; and 
the Minister of Health, under the new 1946 Act, has powers to take 
action by permitting further development of water-resources in that 
area only under licence. It will be desirable for his advisers? to 
have before them these contour-maps for reference, because a fall¬ 
ing water-level in a particular weU, or several wells, is not neces^ 
sarily evidence that the area is overpumpedy as is often assumed j 
but may only be the result of increased individual activity;; ; ; 

Obviously, this influence of man on the water-table is but tran¬ 
sitory so long as the rain continues to, fall, . ITo more? striking 
example could be adduced than; that of the resilience of the (City 
of London under war-conditions,; i)com ®ig. 2 it iSf evideEit that 
the City area had become heavily oy«rpnmped :befom1^e vraa» 
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During the war, however, damage to works and evaeuation of 
industry and population materially reduced the quantity of water 
being pumped from the Chalk, with the natural consequence that 
the water-level recovered. The condition shown by the water- 
contours in Fig. 3 \p-as then produced. It will be interesting to 
see, when planning schemes have become operative and “ normal ” 
life is resumed, what the contour-picture looks like in, say, 1960. 
The Minister of Health can only influence new developments ; thus 
it remains to be seen, whether the lesson has been learned or whether 
the former cut-throat competition in pumping will be resmned. 
The one and only solution is dispersal of industry, like that envisaged 
in Sir Patrick Abercrombie’s Greater London Plan. 

If we are convinced that the use that can be made of these 
contour-maps warrants the time spent on their preparation, we are 
led to enquire how they can be rendered more accurate. Obviously, 
each new effort to obtain water by sinking a well gives precision 
to the contour-system, provided that the records are carefully kept. 
But such wells may remain scarce in some districts. An extension 
Of the practice of sinking observation boreholes fitted with auto¬ 
matic recording apparatus is desirable in areas where data are in¬ 
adequate. The cost of sinking such boreholes would appropriately 
fall in many districts on the Eegional Water Committees. 

Alternatively, now that the methods of geophysical prospecting 
are beoommg standardised and cheapened, the depth of the water- 
table can be ascertained, in favourable circumstances, more speedily 
and at less expense. The particular method which has come into 
greatest favour in recent years is that of measurement of the elec¬ 
trical r^istivity of rocks likely to be water-bearing. It has been 
used in America, Russia, the Colonies and to a less extent in this 
country, and has proved of considerable value, for it has yielded 
a high proportion of successful results. The claim has been made, 
indeed, that successes reach as much as 80 to 85 per cent, as shown 
by subsequent well-sinking, in the case of such aquifers as lime¬ 
stones, sands and gravels and igneous rocks where the water-surface 
is well defined. The determination of the depth of the water-table 
by resistivity methods in a formation such as Chalk which is fissured 
aS well as porous is, however, a more difficult proposition, since the 
pores of the Chalk above the water-table are usually saturated^ 
Resistivity work on fissured rooks must be regarded as in the experi¬ 
mental stage at present, and a suitable subject for research. Hi 
saturated formations the resistivity depends on the mineral com¬ 
position of the water : thus the presence of salt-water, or the limit 
HetWedh that and giound-water, can be inferred. ■ 
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Although the Water Acts do not require that water shall T)e 
analysed and the results communicated to the Geological Survey, 
the compulsory recording, of other information relating to trial 
borings will inevitably lead to a considerable increase in the data 
of this kind so returned. From the accumulation of aixalyses there 
will result greater detail and accuracy in maps of the type recently 
prepared, for example, by Dr. A. W. Woodland for the Chalk of 
East Anglia or by Mr. A. L. Lyon for the Triassio sandstones of the 
Midlands, which show graphically the variation in the different 
chemical constituents of the water. These maps, of outstanding 
interest and economic importance, emphasise the need, not only 
for greater uniformity and detail in the returns, but also for the 
estimation of minor constituents hitherto neglected but now known 
to be necessary for, or detrimental to, health. But that is another 
story. 

Sufidcient has doubtless been said to Show that in problems of 
underground water supply it is essential to gain all the knowledge 
possible about the natural routes and destination of the water. 
Few of us, in spirit and in truth, would join G. K. Chesterton’s Noah 
in declaring that we don’t care where the water gets if . . 



OUR FIRST ASTRONOMER ROYAL—THE 
TERCENTENARY OF JOHN FLAMSTEED 
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Assistant in the Department of Bistory and Philosophy of Science^ University CoUegc, London 

This year we commemorate two of the greatest astronomical 
observers of all time. The tercentenary of the birth of John 
Flamsteod falls in August, and in: December it will be four hundred 
years sinee Tycho Brahe the Dane first saw the light. The progress 
of practical astronomy during one of the most formative periods 
in its history could hardly bO better illustratfed than by a comparison 
of the scientific work of these two men, linked thus by the accident 
of chronology. They were both largely concerned with the same 
problems, but Flamsteed attained to entirely new standards of 
accuracy in the solution of them by emplo 3 dng the telescope as an 
instrument of precise astronomy. Again, the use of Huygens’ 
pendulum clock by Flamsteed and his Parisian contemporaries 
marked a transition from ess^entially Ale3(;andrian methods of 
observation to a procedure differing only in detail from that still 
employed in our observatories. A comparison of Flamsteed with 
Tycho Brahe would also reflect a new tendency in the organisation 
o/ scientific research. The Danish astronomer, like others before 
hini, had established his own observatory, and had gathered round 
him a school of observers destined to fall apart at his death. But, 
as the background of the activities of Flamsteed and his successors, 
we see the modem observatory emerging as a permanent institution, 
preserving its identity under a series of directors. On this ter¬ 
centenary occasion it may not be inopportune to recall some of the 
outstanding events of Flanasteed’s career, and to set down some 
historical notes on the astronomical problems and methods which 
were his principaT concern. 

Attempts to estimate the character and the attainments of 
John;Flamsteed were long frustrated by difficulties arising from his 
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OUR FIRST ASTRONOMER ROYAL 


507 

peculiar relations to those who should have been his best friends. 
Until the nineteenth century the only authentic account of him 
appears to have been the article in the General Dictionary [1]. 
This was based upon autobiographical memoranda of Flamsteed’s, 
and upon other material supplied by James Hodgson, the 
astronomer’s nephew by marriage and sometime assistant at Green¬ 
wich, However, this account was deficient in many respects, and 
the editors suppressed any facts likely to reflect unfavourably on 
Newton or Halley. Hence the article did little to correct the 
impression, which had been fostered by less-responsible biographers, 
that Flamsteed was a man of indolent^, disposition, pursuing his 
observations at his own pleasure, and tmwilling to share the fruits 
of his labours with others. . 

A little oyer a century ago, however, there came to light in 
London a large collection of letters from Flamsteed to another of 
his former assistants, Abraham Sharp. They were edited and 
published by the astronomer Francis Baily, together with other 
Flamsteed manuscripts which he unearthed at the Boyal Observa¬ 
tory [2]. These documents are the principal source of information 
concerning Flamsteed’s life and work, and they presented a very 
different picture of his many-sided activities, pursued in the face of 
every kind of diflS.culty, and of his readiness to communicate his 
results to other seekers. They also threw a new, if somewhat 
partial, light upon the relations of Flamsteed to the Royal Society 
in the matter of the publication of his observations ; and this gave 
rise to some controversy, in which Baily supported Flamsteed’s 
complaint against Ne'^on and Halley, while their conduct was 
defended by William Whewell [3]. 

Further letters, to the number of seventy, which Flamsteed 
wrote between 1673 and 1687 tp his friend Richard Towneley (often 
confused with his uncle, Christopher Towneley) are preserved .by 
the Royal Society. These deal mainly with the technicalities of 
his work at Der% and at Greenydoh ; and an account of their 
contents was given in 1^22 by J., L. E. Dreyer [4]. ? More reoently> 
we have had a brief, documented study of Flamsteed from'the 
pen of Mr. E. F. MaoPike [5]. ?, : . . ;■. ; >- 

John Flamsteed was a north^eontttigonan, bora oni : Ah#asfe ii% 
1646, at the village of JJenby, between; Deyby and iSh^eld- S; 
parents were of yeoman stock and in comfortable jOferanjstpnc^, 
What schooling the boy had was bh the usnal ol«s@in@i, linss fc hut 
hig'; education was hiterrapted th# jo9ptj!i3i^d@al ■ 
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which was to pursue him* through life. Thrown on to his own 
intellectual resources, Flamsteed developed a growing interest in 
mathematics and astronomy. His father taught him arithmetic; 
and from such books as the Spha&ra of Sacrobosoo (a thirteenth- 
century manual • repeatedly re-edited down to the seventeenth 
century) and Thomas Streete’s Astronomia Carolina, he learned, 
for example, how to calculate the places of the planets, and to 
predict the times of occurrence of eclipses. Like Tycho Brahe in 
his day, he was not slow to discover how deficient were the current 
astronomical tables, and how widely they departed from the results 
of the observations which he carried out with a rude quadrant of 
his own construction. At that period there was a considerable 
demand for almanacs giving particulars of the celestial events of 
the en suing year. In 1669 Flamsteed prepared such an ephemeris 
for the year 1670, and he sent it, by the hand of a friend, to Lord 
Brouncker, the President of the Royal Society. His communication 
was acknowledged by the Secretary, Henry Oldenburg, and it was 
published in the Philosophical Transactions. The episode led to 
an exchange of letters with Oldenburg and with John Collins, and 
early in 1670 Flamsteed travelled to London to visit these corres¬ 
pondents. Collins took him to the Tower to see Sir Jonas Moore, 
Surveyor-General of the Ordnance ahd a Royal Society mathe¬ 
matician, who presented him with “ Mr. Towneley’s micrometer,” 
and promised to procure for him some lenses with which to make 
a telescope [6]. 

Thisf micrometer was an instrument used in conjunction with a 
telescope, and serving to measure small celestial angles such as 
those subtended by the diameters of the planets. Such a device 
seems to have been employed for the first time about 1640 by the 
Fn^h astronomer William Gascoigne. After his death at Marston 
Moor, several of Gascoigne’s micrometers came into the hands of 
Richard Towneley [7]. Working on hints in Gascoigne’s papers, 
and aided by a local watchmaker, Towneley produced improved 
mo(|els of the instrument; and it seems to have been one of these 
that Moore now gave to Flamsteed. (A similar device was 
independently introduced in 1666 at the Paris Observatory.) Flam¬ 
steed learned much about the technique of micrometric work while 
on visits to the Iiancashire home of Richard Towneley in 1671 and 
1672; While staying there he also saw a ‘‘ weather-glass ” (bar¬ 
ometer). He made one for himself, and subsequently gave one to 
Sir Jonas Moore ; he, in turn, presented “weather-basses ” to the 
Ein^; andr the Duke 0f York, together with Flamsteed’s rules for 
foretdling the weather from their behayiour.; Moore often talked 
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about the young astronomer to the royal brothers, which “ procured 
me more than ordinary regards from them ” [8]. 

In 1671, Moore having obtained for him the necessary lenses, 
Mamsteed constructed a telescope and “ set up a pole to raise my 
glasses, at Derby ” [9], as was customary in those days. Having 
no pendulum clocks, “ they being not common in the country at 
that time ” [10], he limited himself to observations not requiring an 
accurate knowledge of tme, such as measurements of the ai^ular 
diameters of the Moon and planets and of the elongations of the 
satellites from Jupiter. He found that the variations in the Moon’s 
angular diameter were best, represented by the limar theory of 
Horrocks; and he calculated the tables which were published in 
the latter’s posthumous works [11]. 

In 1670, Flamsteed had entered himself at Cambridge University. 
Here he made the acquaintance of Newton ; but of any other associa¬ 
tions with the University there is little record. He proceeded to 
the M.A. degree per Uteras regias in 1674, and soon afterwards he 
took Orders, purposing to devote his life to the service of some 
country parish. 


3 

About this time plans were being discussed for founding an 
observatory under the auspices of the Royal Society to match the 
one lately established in Paris (1672) as an offshoot of the Academie 
des Sciences. In December 1674, Moore su mm oned Flamsteed to 
London with the intention of placing him in charge of the proposed 
institution. While Flamsteed was hesitating, and alternative sites 
for the observatory were being considered, an event occurred which 
(he afterwards declared) “ hastened, if it did not occasion, the 
building of the Observatory ” at Greenwich [12], 

A Frenchman who called himself Le Sieur de Saint-Pierre, and 
who was backed by the interest of the Duchess of Portsmouth, put 
forward a claim to have solved the problem of finding the longitude 
at sea. As is generally known, an observer’s longitude from a 
prime meridian is determined by comparing, at some given instant, 
the local time with the standa/rd time corresponding to that meridian. 
The difference of the two times measures the longitude of the 
observer east or west of the prime meridian. The local time is 
easily ascertained ; but methods of arriving at the stamdard time 
continued to be faulty until the invention of the chronometer in 
the eighteenth century solved this most urgent problem, Now the 
Moon, in its monthly circuit, appears to move fairly rapidly through 
the sky, and Saint-Pierre (anticipating a method which later became 
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i)racticable) proposed to obtain the standard time from the pre¬ 
dictable positions of the Moon as it travelled like the hand of a 
clock over the background of the fixed stars. A Royal Cbmmission 
was set up to consider the feasibility of the plan, and, on the recom¬ 
mendation' of Moore, Rlainsteed was included among the Com¬ 
missioners. He convinced his colleagues that the scheme must 
prove impracticable because of inaccuracies both in the current 
lunar tables, and in Tycho’s star-catalogue; moreover, even on 
theoretical grounds, the particular procedure proposed was inferior 
to a method of “ lunar distances ” previously suggested by the 
Rrench astronomer Morin. “ My letters being shown Edng Charles,” 
wrote Flamsteed in his account of the episode, “ he startled at the 
assertion of the fixed stars’ places being false in the catalogue ; said, 
with some vehemence, ‘ He must have them anew observed, 
exammed and corrected, for the use of his seamen ’ ; and further 
(when it was urged to him how necessary it was to have a good stock 
of observations taken for correcting the motions of the Moon and 
planets) with the same earnestness ‘ he must have it done.’ And 
when he was asked ‘ Who could, or who should, do it ?, ’ ‘ The 

person (says he) that informs you of them ! ’ Whereupon I was 
appointed to it,” etc. [13]. On March 4, 1675, Charles II issued a 
warrant appointihg Flamsteed “ Our Astrondmical Observator ” 
at a salary of £I00 per unnwri. * 

Moore had originally proposed to house the new observatory 
in Chelsea College, which was the property of the Royal Society ; 
later he was inclined to establish it in Hyde Park ; but Sir 
Christopher Wren’s' choice of a site on .Greenwich Hill eventually 
prevailed. The construction of the Observatory was sanctioned 
by a warrant dated Jrme 22, 1676. The foundations were laid in 
August 1676, and ' the building was completed and Flamsteed 
installed by the following July. 

Wnen Flamsteed commenced his labours at Greenwich Observa¬ 
tory, the Only instruments he found there were a sextant and two 
clocks, and these were a gift fi:0m Sir Jonas Moore. The sextant 
was not the nautical instrument that we imderstand by the tennj 
though it ftilfllled the same purpose of measuring celestial angles, 
and it fiaayiserye to typify the contemporary instruments of precise 
astronomy. It cohsfeted essentially of an iron Sector of 60 degrees, 
fyfeet in raditis,- ; and'having an are of brass graduated in angular 
pleasure. A mo'ving radius carrying a telescopic si^ht turned 
ahOat the cmtre of the sector, and could be olahiped at any desired 
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setting on the graduated arc. The instrument could be fixed with 
its plane passing through any two points whose angular separation 
was required, say two stars; the moving radius was sighted upon 
each in turn, and its setting was read in each position ; the difference 
of the two readings then gave the angle subtended by the two stars 
at the observer’s eye. This type of instrument dated, in principle, 
from ancient times, though latterly modified and perfected by 
Tycho Birahe and Hevelius. The use of telescopic in place of open 
sights had been established by the Parisian observers about 1668 
(though here, too, they seem to have been anticipated by William 
Gascoigne). 

As a particidar cage of this type of instrument, the graduated 
arc could be permanently fixed in the meridian by attaching it to 
a mass of masonry so as to form a mural arc. By means of such an 
instrument, employed in conjunction with a pendulum clodk, the 
Parisian astronomers had already begun to deduce the right ascen¬ 
sions and declinations of selected stars firom the times and altitudes 
of their transits across the meridian, as is done to-day with a transit 
circle. Flamsteed felt the need of such an instrument to provide 
the absolute measurements which were to form the basis of Ms star- 
catalogue ; and he determined that the graduated arc should extend 
over 140 degrees, so as to take in all stars transiting between the 
south horkon and the Pole in the latitude of London. Eds first 
attempt to construct a mural arc was hampered by lack of funds, 
and the result was disappointing. However, Ms circumstances 
improved following his presentation to a Church living and- the 
death of Ms father, and in 1688 he embarked on the construction 
of a second mural arc, assisted by Ms friend Abraham Sharp, The 
work occupied fourteen months and cost Flamsteed £120^ The 
two clocks at the Royal Observatory were the handiwork of the 
celebrated horologist Thomas Toinpion. They had 13-foot pendu¬ 
lums, and were corrected by taking the altitude of the Sim or of a 
star with the small quadrant which Flamsteed had brought with 
Mm from Berby. : 

SaintFierre’s scheme for finding the loni^tude had failed for 
want of an accurate star-catalogue and lunar table; and'lt^'#as 
cMefly to remedy these two deflcieneies that Flamsteed laboured 
for forty-five years at Greenwich Obseryatory. For’MS'p^'dpal 
tasks were, first, the construction of a star-oatalogUe deStiaed to 
supersede all existing oneS in soo;^fand precision, 
the systematic observation of the Sun, Afooh and ■ 
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leading to the correction of the tables that gave their apparent 
motions. 

Glatalogues giving the positions of stars upon the conventional 
celestial sphere have always been of fundamental importance in 
astronomy. For the stars constituted the system of reference to 
which the earlier astronomers directly referred the positions of the 
Sun, Moon and planets. And since the introduction of the pendulum 
clock, an accurate knowledge of the positions of standard stars is 
required for the fundamental reckoning of time, which in turn 
is involved in determining the positions of other celestial 
objects. 

The best star-catalogue in Flamsteed’s day was that of Tycho 
Brahe (published in 1602), which was constructed without the aid 
of a telescope and which contained only about a thousand star- 
places. Flamsteed’s catalogue, like Tycho’s, was based upon 
certain standard stars, of which he determined the absolute co¬ 
ordinates by means of his mural arc and pendulum clock. The 
places of the secondary stars of his catalogue were then deduced 
from their “intermutual distances,’’ that is, from their angular 
separations from one another and from the standard stars, measured 
by means of the sextant. 

: Flamsteed’s catalogue comprised close on 3,000 stars visible at 
Greenwich. To these were subsequently added the places of some 
300 others of the southern celestial hemisphere, determined by 
Edmond Halley in the course of *;his youthful scientific expedition 
to the island of St. Helena (1676-78). The accuracy of the catalogue 
naturally varied from star to star; but, broadly speaking, while 
Tycho’s starTplaoes inight be several minutes out, Flamsteed reduced 
ilie errors to a matter of seconds. 

V : "'6 " 

Flamsteed was in the habit of observing the places of the Sun, 
Moon and planets npt less assiduously: than those of the fixed stars. 
His results in this department could not be expressed in such a 
concrete fom as the catalogue of stars, but they led to improvements 
in the tables giving the motions of these bodies. He supplied many 
of these observations (mcluding upwards of 150 of the Moon) to 
Newton, who was-trying to improve his lunar theory in preparation 
for a second, edition of the Principia, The determination of the 
absolute cO'Ordinates of oelestial bodies required a prior knowledge 
of the latitude of the observatory, the obliquity of the ecliptic and 
i;he position of the ; vernal equinoctial point. To determine this 
last quantity, Flamsteed devised a procedure which stiU bears bis 
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name, and which represents one of his most notable contributions 
to practical astronomy. 

In Flamsteed’s day, the debate concerning the status of the 
Earth in the Universe (which had so deeply concerned Tycho 
Brahe) had virtually ended, at least in Protestant England, with the 
triumph of the heliocentric theory. Flamsteed showed little con¬ 
cern for such questions, being much more interested in the practical 
part of astronomy. However, in 1694, his refined observations 
revealed what he took to be evidence of the annual stellar parallax 
so long and so eagerly sought by astronomers as proof of the Earth’s 
revolution round the Sun. While comparing the angular distances 
of the pole-star from the true pole, measured at various times of the 
year, he noticed that this distance appeared greater in March, 
April, July, August and September, than in December. . . . This 
is the first time, I am apt to think, that any real parallax hath been 
observed in the fixed stars ” [14]. It was reserved for Bradley, 
in the eighteenth century, to rediscover the phenomenon, and to 
explain it by reference to the aberration of light—^itself a verification 
of the Copernican theory. 

1 

In his later years, Flamsteed became involved in an unfortunate 
dispute with Newton and Halley and other members of the Eoyal 
Society over the publication of the Greenwich observations. The 
episode had no lasting effect upon the progress of science, and we 
shall not enter at length into the complicated history of it. Prob¬ 
ably the quarrel took its rise out of the mere mutual incompatibility 
of the disputants ; but it came to turn upon the accusation that 
Flamsteed was excessively tardy in publishing the results of his 
work. And it became hopelessly embittered following the produc¬ 
tion, without the astronomer’s knowledge or consent, of an imperfect 
and partly spurious edition of his results. Much of the blame for 
the misunderstanding may fairly be laid upon the adverse and 
anomalous condition^ under which Flamsteed laboured. On his 
behalf it must be stressed that the Government neither provided 
him with any astronomical instrdments nor, apart from his small 
salary (sometimes in arrears), with any funds to meet the cost of 
making and repairing such equipment, of: of engaging a computeri 
He was thus involved in the expenditure of some £2000 of his omi 
fortune^ and he was obHged to supplement his income by taking 
pupils. Under such circumstances, it is not surpirising that he 
claimed the right to judge for himself when his work shcmld have 
reached a sufficient degree of perfection: to justify him m publishing 
it, as he had always intended to do. ^ On the other hahd^ it could 
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be argued that Flamsteed was a Government official, and that hia 
observations were State property, to be published expeditiously for 
the common good., Newton, especially, had an urgent personal 
motive for pressing the one man in the world who could give him 
the data he needed for verifying and refining his gravitational 
theory before his own years should run out. In this connection it 
was unfortunate that Flamsteed, as we have aheady remarked, 
never seems to have shown much interest in the wider problems of 
cosmology, or much comprehension of what Newton had really 
achieved in that field. 

When, in 1704, plans were at length made for printing the 
Greenwich observations. Prince George of Denmark, the Queen’s 
Consort, undertook to defray the expenses. Flamsteed was per¬ 
suaded to hand over to a Committee dominated by Newton an 
imperfect set of star-places, not for publication, but as a guarantee 
that the complete catalogue would be forthcoming. There were 
further delays on both sides, and, towards the end of 1708, Prince 
George died. The scheme should then have lapsed ; but the Com¬ 
mittee being anxious to complete the publication, they entrusted to 
Halley the task of bringing out an edition without waiting for 
Flamsteed to supply the rest of the copy. This edition appeared 
in 1712 [15]. It contained the sextant observations, supplied by 
Flamsteed and already printed, but also the imperfect star-catalogue 
deposited in 1704, which was completed by data supplied by Halley ; 
the fundamental observations were also given in a curtailed and 
rearranged form which seriously reduced their scientific value. 

Hpwever, the political changes resulting from the death of 
Newton’s patron, Halifax, in 1715, afforded Flamsteed the oppor¬ 
tunity of securing the unsold copies of the 1712 edition. From 
these, he separated the pages contaiaing the sextant observations ; 
as for the remainder, “ I made a Sacrifice of them to Heavenly Truth ’* 
[16J. Flamsteed now set about publishing his life-work in his own 
way and at Ms own expense. But he did not live to finish the task, 
for he had not quite completed the second volume when, on December 
31,1719, he died at Greenwich, after a few days’ illness. The com¬ 
pletion and the publication of the whole work was due to the (un¬ 
rewarded) labour £iind self-samfiee of Flamsteed’s friends and some¬ 
time assistant: Joseph OrostilTOait and Abraham Sharp. The book 
was published in 1725 under the title of Historia Oodestis Britannica. 
Of its' three’ foHo volumes,' the first contains Flamsteed’s early 
micrometric measurements (with those of Gascoigne and Crabtree) 
;and Ms Greenwich observations with the sextant. The second 
volume' oontMus the main bulk of the Greenwich entries; and the 
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third volume, the star-catalogue, together with an account of 
Flamsteed’s methods and instruments. 

8 

The achievements of John Flamsteed are not to be sought in 
spectacular discoveries and inventions of immediately obvious 
significance. He lacked the versatility of genius which enabled 
many of the leaders of that great age to range over wide fields of 
scientific speculation and enquiry. Nor did he show that fertility 
in the design of new types of instruments which characterized his 
great contemporaries Picard and Roemer. What he could and did 
do was to establish precise astronomy upon vastly more secure 
foundations, destined to endure for many years after his death, and 
then to be superseded only through the labours of an inheritor of 
his tradition and a successor to his office—James Bradley. Yet 
perhaps Flamsteed’s greatest contribution to the progress of astron¬ 
omy consisted less in the mere results he obtained than in the 
exemplary standards of observation which he did so much to 
establish. His attention to the technical minntisa upon which 
accuracy depends, his perseverance in continuous and systematic 
observation, his insistence that only the most refined results obtain¬ 
able are good enough to publish—^these are some of the traits which 
constituted at once a notable example to his successors, and an 
expression of the essential spirit of the man himself. That the 
Royal Observatory ever survived its neglected infancy to enter 
upon a splendid career of usefulness to all mankind is due in largest 
measure to the lifelong labour and the enduring inspiration of the 
great astronomer whose memory we salute to-day. 
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THE WALDEN INVERSION 

By E. D. HTOHES, D.So., Pli.D., F.R.I.C. 

Professor of Chemistry^ University CoUege of North Wales, Jianyor 

I. Introdtjotion 

Fifty years have elapsed since the discovery by Walden of the 
configurational inversion which bears his name, and an extensive 
literature bearing on the problem has accumulated. Most of the 
earlier work on the subject served mainly to establish the phe¬ 
nomenon in a large variety of instances, and it is only in com¬ 
paratively recent years that a rational explanation has emerged. 
It is opportune to review the position in the light of recent 
developments. 

First, we shall recall the background to Walden’s work and the 
significance of his discovery. We shall then proceed to discuss the 
factors which delayed progress in the elucidation of the problem. 
Finally, we shall consider the advances which have led to a solution 
of the difficulties and to a fuller understanding of the phenomenon. 

At the time of Walden’s great contribution to our knowledge 
of the steric course of reactions, the theory of the tetrahedral 
carbon atom and of optical isomerism was firmly established. In 
a substitution reaction of the type CabcX CaboY there was, 
however, no evidence regarding the steric course of the change; 
it was generally assumed that the new substituent would replace 
the extruded atom or group directly, i.e. without a configurational 
change. One can therefore imagine the interest caused in the 
chemical circles of that time when Walden reported {Ber., 1896, 
28, 1287, and subsequent papers) that an opticafiy active compound 
CabcX could occasionally be converted into its enantiomorph by 
means of simple substitution processes involving the replacement 
and reinstatement of X, e.g. Z-CabcX —d-CabcY d-CaboX.* 
Clearly, a configurational change had occurred in one of the two 
substitution processes. The designation “ Walden Inversion ” was 
first used to describe such a change by Fmil Fischer {Ber., 1906, 
39, 2894). 

* Throughout this paper the symbols d and I signify sign of rotation. 
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We shall end this section with a quotation which well describes 
the unexpected nature of the observation and the importance to 
be attached to it, and which hints at the difficulty experienced 
with regard to aii explanatioii of the phenomenon: “Walden’s 
discovery was certainly a puzzle and a surprise, for it did not fit 
into any pre-existing theory of optical activity, and had not been 
anticipated as a corollary to vari’t Hoff’s theorem of the asymmetric 
carbon atom. It is highly probable that it may mark an epoch 
in our views with regard to the mechanism of the process of 
substitution in general ” (Frankland, J.C.S., 1913, 103, 713), 


II, Determination of Configuration 

A difficulty which has greatly retarded progress in the study 
of the Walden Inversion is that of relating sign of rotation to 
configuration in reactants and products. Since the sign of rotation 
of a compound depends on the nature of the four groups attached 
to the as 3 nnmetric carbon atom, the reactant and the product in 
the substitution reaction CabcX CabcY may have opposite signs 
of rotation even when no configurational change occurs in the 
replacement. 

For the purpose of demonstrating the occurrence of inversion 
two methods have been repeatedly employed. The first involves 
the conversion of an optically active compound into its enantiomOrph 
by means of two or more reactions, e,g. 


' Z-Chlorosuccinic acid 


Ag,0 PCI, 

- > Z-Malio acid- > d-Chlorosucciiiic acid. 


(Walden, Her., 1896, 29, 133) 


The second method depends on the conversion of an optically active 
compound into enantiomorphous derivatives by the use of different 
reagents, e.g* 

Ag.O . . 

—/-Malic acid 
KdH 

-- > d-Malio acid 


Z-Chlorosuccinic aoid< 


(Walden, 1897, 30, 3146) 

^-a-Bromppropionic acid —d-Lactxo ^ acid ^ ; 

4' AgaO, ■ ‘ 

Z-a-Bromopropioilyl glycine—-->-Mfaotic acid 

'Hydrolysis ’ 

(iFischer, Ber., 1907, 40, 489) ' 


In the last example, the formation csf the bromopropibnyl glycine- 
eater and the hydrolysis of the ladtyl glycine eater do not inTOlve 
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the exchange of a bond directly attached to the asymmetric carbon 
atom and cannot therefore give inversion; it follows that the 
bromo-acid and its ester behave differently with regard to the 
stereochemical course of their reactions with silver oxide. Taken 
collectively, the examples show that the stereochemical result may 
depend on the substituting agent and the compound substituted. 

Although these and many similar results clearly establish the 
occurrence of inversion, two (or more) reactions are needed to 
provide the demonstration and, owing to the difficulty of relating 
rotation to configuration,, it is impossible, in the absence of additional 
data, to say with certainty where the inversion occurred, much less 
how it occurred. The identification of the configurational change 
with any one stage in the first method, or with any one reagent in 
the second, has been the subject of much speculation (Armstrong, 
/.(7./S., 1896, 69 , 1399; Walden, Ber., 1899, 32 , 1833; Fischer, 
ioc. (At .; Gadamer, Chem. Z., 1912, 36 , 1327 ; Biilmann, Annalen, 
1912, 388 , 330; Bancroft and Davies, J, physikal Chem., 1931, 
35 , 1624; and many other authors). 

Many methods have been devised to relate rotation to con¬ 
figuration and to identify an inversion with a specific reaction. 
The first method, as distinct from mere speculation, is due to 
Frankland {J.C.8., 1913, 103 , 725). This author based his assign¬ 
ments of relative configurations largely on a statistical survey of 
the recorded optical effects of particular reagents, making a cir¬ 
cumspect use of the rule that, when in a majority • of examples 
a particular reagent eauses retention or inversion of the sign of 
rotation, then the action of that reagent is characterised by reten¬ 
tion or inversion of configuration as the case may be. The rule 
depends-on the circumstance that, although a change of sign of 
rotation may accompany a reaction proceeding with retention of 
Configuration, the opposite is more often the case. Frankland’s 
method served as a useful general guide, but we now know that 
the same reagent may behave in stereoohemioally different ways 
towards different compounds, and even towards the same compound 
under different conditions (c/. later sections of this paper). 

Another method of determining the relative configmations of 
optically active compounds was introduced by dough (J.C.S., 
1914, 105 , 49; 1916, 107 , 96, 1059 ; 1918, 113 ,, 626 ; 1926, 1074). 
It depends on an assumption, that compounds of aimilftr configura¬ 
tion undergo analogous changes in rotation imder the infiuence of 
^added salts, or of changes in wave-length, concentration, tempera- 
‘tipe and solvent. Many erroneous conclusions are known to have 
resulted from the application of this method (<jf. Kuhn and Wagner- 
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Jauregg, Ber., 1928, 61, 481, 604; CJowdxey, Hughes, Ingold, 
Masterman and Scott, J.C.8., 1937, 1252) but it appears to have 
been successful in the hands of Freudenberg and others who 
have made a thorough investigation of its limitations {Ber., 
1923, 56, 193; 1927, 60, 2447; 1928, 61, 1083; 1931, 64, 

708). 

Methods of a more mathematical nature have also been 
developed. The aim of these methods is to relate the optical 
rotatory power of a compoimd to the configuration and properties 
of its constituent atoms or groups. The theory is complex and 
the rigorously derived formulae are such that it is almost impossible 
to apply them with any degree of certainty to existing data, since 
they involve parameters which cannot in general be related to any 
readily measurable properties of the molecule (see, especially. 
Born, Proc. Boy. Soc., A, 1935, 150, 84; Boys, ibid., 1934, 144, 
666, 676; Lowry, Nature., 1936, 136, 191; Kirkwood, J. Chem. 
Physics., 1937, 5, 479). With the aid of certain assumptions and 
approximations. Boys {loc. cit.) deduced an expression for the 
rotatory power which contains only the refractivities and effective 
radii of the radicals. Its application to the determination of the 
absolute configuration of molecules is illustrated by the following 
rules : “A dextro-compound has the configuration such that, when 
the largest group is nearest to the hypothetical observer, the other 
groups in order of diminishing size appear in a clockwise rotation. 
... If dne group can be changed while the compound retains 
the same configuration, the' sign of the rotation should change 
when the effective radius is increased above that of the next largest 
group.” It is inferred that these simple rules are applicable only 
when the radicals are small and can be regarded as approximately 
spherical. In the case of larger, more complex radicals, difiSeulties 
arise with regard to the definition of “ size ” and “ effective radius.” 
Even with this reservation, it would appear that tmdue prominence 
is given to the size of the groups in Boys’ treatment. The extensive 
work of Rule and others indicates the importance of factors such 
as polarity in determining the sign and magnitude of rotatory 
power (see especially Trans. Faraday Soc., 1930, 26, 321, 337). 
Bom (loc. cii.) has pointed out that Boys’ derivations are serioudy 
at variance with the rigorously established formulae of the general 
theory, and that they imply certain relationships which are demon¬ 
strably invalid. The application of the simple rules (quo^ above) 
to comparatively complex radicals often leads to condusidfiS whiidi 
are not in accordance with the facts (see Hughes, Tndns. Fataday 
Soo., 1938, 34, 202); At the present stage of its developmenti it 
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wotild appear that this method is not particularly useful in its 
application to the problem under discussion. 

An important advance in connection with the problem of 
relating rotation to configuration has been made by Kenyon and 
Phillips and their co-workers. The method may be illustrated by 
a consideration of the following reactions (R' = p-CHa.CcHi): 


B'SO—Cl 

d-CjHu.CHMe.OH —d-OsHig.CHMe.OSOR' 


( 1 ) 




J-CsHij.CSMe.OH 
■ '' ‘ |Ao,0 


<i.C,Hi 3 .CHMe.OSOjR' 


(3) 


Z-C«H,,.CHMe.OAo 


Olo <5) 


Cl 


^ Z-C.H„.CHMo.Cl 


(Hcussa, Kenyon and Phillips, J.O.S., 1929, 1700) 


It is argued that of reactions (1), (2), (3) and (4), one (if not three) 
must involve inversion, and since the first three do not, in all 
pfbbabilityj exchange a bond attached td the asymmetric carbon 
atom, reaction (4) must be accompanied by configurational change. 
It is now assumed that the reaction of the organic sulphonate with 
chloride ions in ethyl alcohol would proceed by a similar mechanism, 
and, hke the reaction with acetate ions in the same medium, would 
be accompanied by an mvergion of configuration. It then follows 
fironi the observed rotations that acc.^'Octyl alcohol and chloride of 
like sign of rotation have: corresponding configurations. 

A nmnber of conversions of this type have been carried out 
by Kenyon and Phillips and their collaborators, and many con¬ 
figurational relationships have thus been established (c/. especially 
Kenyon and Phillips, Tram. Faraday 8oc., 1930,26, 461; Kenyon, 
Philos and Taylor, 1933, 173 ; Kenyon, Phillips and 

Pittman, 1936, 1072). Although the method may not 

always be completely rigid, it constitutes an important advance 
in the attack on the problem of the Walden Inversion. The pos¬ 
sible weakness in the above example lies mainly in the Unproved 
assumption of an analogy of behaviour between acetate and halide 
ions. Aided by detailed considerations of mechanism, as disclosed 
by reaction kinetics, the method could be made the basis of a rigid 
argument (as will‘be obvious from the discussion of mechanism 
eonteined'm a lata? section). Patrt of Kenyon’s argument receives 
support from work of an independent kind,, which points to a differ- 
ehe6’ 'of .behaviour in the ructions of organic sulphOnates and car- 

boxyktites, bond fission usually taking place as follows : R|-i- 0-^0 3' 

and (carboxylic esterification is r genetally similar. 
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e.g. R—0—|H + X—|C0R' R—0—COR' + HX ; X = Hal., 
OH, O.COR., etc.) (c/. Lapworth, J.C.S., 1912, 101 , 273 ; Ingold 
and Ingold, ibid., 1932, 766; Polanyi and Szabo, Trans. Faraday 
Soc., 1934, 30 , 608). Owing to the difference of behaviour described, 
alkyl sulphonates are usually alkylating agents while carboxylates 
are acylating agents. It should be emphasised that we refer to 
the most common behaviour; exceptions may occur in special 
structures (see, especially, Kenyon, Partridge and Phillips, J.G.8., 
1936, 86; 1937, 216; Cowdrey, Hughes, Ingold, Masterman and 
Scott, ibid., 1937, 1264; Hughes, Ingold and Masterman,. ibid^i 
1939, 840; Day and Ingold, Trans. Faraday Soc.,, 1941, 37 , 686 ; 
Balfe and Kenyon, ibid., p. 721). , 

A recent method of overcoming the difficulty of relating the 
sign of rotation of the reactants and the products of a replace¬ 
ment reaction to their configuration has b^en based on a study 
of the kinetics and mechanism of substitution. A discussion of 
this topic is contained in the following pages. 

III. Reaotion Mechanism and the Walden Inversion 

In the last section we discussed one of the factors which retarded 
progress in the study and understanding of the Wajlden Inversion, 
namely,, the difficulty of relating sign of rotation to configuration 
in the reactants and the products of a substitution reaction involving 
the replacement of an atom or group directly attached to the asym¬ 
metric centre. A second difficulty was a lack of sufficient know¬ 
ledge concerning the mechanism, of substitution. It is obyious 
that the conditions which control the steric orientation of.sub¬ 
stitution must be intimately dependent on the reaction mechanism 
and it is . only vdthin repent years that this has been fruitfully 
studied in aliphatic compounds. We cannot deal effectively with 
developments along these lines . without first having recourse to a 
brief description of the advancement of knowledge concerning. the 
basic subject of the mechanism, of .substitution at, a ,saturated 
carbon atom, which wo now give in putline below. 

A. The Mechanism of Substitution at a Saturated, Carbon Atom . 

In the early days of the development of chemical theprieS],, the 
main question concerning the mechamsm of substitution processes 
was put in the foUowirig form: “ Is substitution always preceded, 
by addition ? ” In' a readtion at a?saturated carbon ^aitoiB^iofjthe 
form Y -f- Rr—X —Y—^R 4- X, where ohe> ;bdnd is foimeti and 
one bond is broken, it is obvious that the process odnld .be'iaitiated 
either! by the attack of the . reagent (Y) : 6n tht :mdIeoide i B^ 
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a process tending to form the new bond Y—R first and leading 
to the expulsion of X, or, alternatively, by the preliminary fission 
of the R—X bond, followed by the union of Y with R : 

First Hypothesis : Y • • • R—X —>■ Y—+ X 

Second Hypothesis : R—^X —>-’R + X ; Y + R —>■ Y—R. 

Thus there emerged two types of theories of substitution reactions. 
One postulated addition as an essential condition for the expulsion 
of the group replaced; the other assumed that the primary dis¬ 
sociation of bonds was involved. In the early versions of the 
first type of theory, which may be called “the addition-complex 
theory,” it was not clear how the addition took place; it was 
customary to speak rather vaguely of a union dependent on the 
“ residual affinity ” of the carbon atom, and so on, and it was obvious 
that there were difficulties regarding the valency of this carbon 
atom, which was already saturated before the attachment of the 
entering atom or group. These difficulties were dispelled by the 
idea that addition is not previous to but synchronises with dis¬ 
sociation. This was first stated in an acceptable form by G. N. 
Lewis (Valence and the Structure of Atoms and Molecules, 1923, 
p. 113). The physical basis of the synchronous mechanism has 
been discussed by Polanyi and by Olson (see later references (below) 
to the work of these authors). In the second type of theory also, 
development has taken place in the direction of greater precision 
in its formulation; .the theory has evolved, from a stage at which 
little attempt was made to explain how the replaced group was 
expelled, to its position at the presePt time, when we distinguish 
between various types of fission (o/. Hughes, Trans. Faraday Soc., 
1941, 37 , 604). The impression that the two tjpes of theories 
were incompatible (in the sense that no degree of application could 
be given to both) has also undergone revision. The concept of 
Hie duality of mechanism in substitution reactions at a saturated 
carbon atom has in fact become the main feature of recent develop¬ 
ments, which we shall now describe. 

The substitution reactions with which we shall be mainly con¬ 
cerned are of the “ KTuoleophilio " type (labelled for convenience 
in reference; Ingold, CJiem. Reviews, 1934, 15 , 226 ; Hughes and 
Ingold, 1936, 244), e.g. 

'. ^Y:Y^-1-: X 

As indicated by the position of the dotted line in the representation, 
this form of substitution is characterised by the condiiabn that 
there is a tranter of electrons (represented by dots in the formu¬ 
lation).&om Y to R and from R to X. The reagent may therefore 
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be either negative or neutral (provided it has unshared electrons) 
and the replaceable group may be either neutral or positive. Four 
cases thus arise, which may, for the most part, be illustrated by 
examples of familiar reactions in organic cheroistry: 

(1) Y negative and X neutral, e.g, HO + R—^Br—> HO—-h Br 

I — 4* 

( 2 ) Y negative and X positive, e.g. Br -f R—^NRg —Br—^R -f NRg 

+ — 

(3) Y neutral and X neutral, e.g. B 3 N + R—Br —> RjN—R + Br 

(4) Y neutral and X positive, e.g. RjN + R—SRj—>■ RjN—^R + SBj 
The examples refer to (1) the hydrolysis of alkyl halides, (2) the 
decomposition of alkylammonium salts, (3) the formation of alkyl- 
ammoniura salts from tertiary amines and alkyl halides, (4) the 
formation of alkylammonium cations from tertiary amines and 
alkylsulphonium cations. 

It has been shown that there are two distinct mechanisms of 
this form of substitution (c/. Hughes, Ingold and co-workers in 
papers published since 1933). The first is a one-stage mechanism, 
involving a synchronous electron transfer from Y to R and from 
R to X, e.g. 

Y : -I-R—-X-► Y—R + ; X (Sn 2 ) 

{Example : HO -I- R^Cl->.~HO'.R--~<^l1> HO—R + cT) 

' Initial Transition Final 

State State State 

Since both reactants are simultaneously involved, this mechanism 
is termed “ bimolecular ” ; the numerical part of the designation 
(8^2) is intended to symbolise this character. As an example, we 
may take the bimolecular alkaline hydrolysis of an alkyl halide, 
in which instance the anionic charge, initially on the entering 
group and finally on the expelled group, becomes distributed in 
the transition state, as mdicated in the schematic representation 
above. 

The second mechanism is a two-stage process, wherein a rate- 
determining ionisation is succeeded by a reaction between the 
carbon cation formed and the substituting agent, e.g. 

R—X ■ > R -4“ i X 

(slow) 

Y:+R - >Y—R 

(rapid) 

<5+ 5- 4- 

(Example : R—Cl —R*——’Cl —> R + Cl (slow), followed by 
R-f OHOH (rapid)). 

In the; unimolecxdar hydrolysis of an alkyl halide, for example, 
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there is a partial sepatation of charges in the transition state of 
the rate-determining ionic dissociation, which is followed by a 
rapid reaction between the carbon cation and a hydroxide ion. 
Although the importance of solvation in ionic dissociation is recog¬ 
nised, this mechanism is termed “ unimolecular ” because only one 
reactant, R—^X, is undergoing co-valency change in the rate- 
determining stage. The numerical part of the designation 1 
again indicates the moleculailty of this mechanism. 

Clearly, the two mechanisms may be characterised by their 
distinctive. kinetic requirements and this, together with other 
significant properties, is extremely usefol for pinrppses of diagnosis, 
in illustration of the kinetic evidence, we may mention one set 
of observations, which refer to the hydrolysis of alkyl h^hdes with 
alkali in aqueous alcohol. For certain hafides (e.gf, the methyl 
halides) the reaction is of the second order,-the rate being dependent 
on the concentration of the alkyl halide ah4 on the concentration 
of hydroxide ions. The hycholysis of cei^ain other halides (e.j/. 
the tert.-butyl halides) is, on the other harid, found to be of tho 
first order, the rate being independent of the concentration of 
hydroxide ions and the same in acid, neutral and alkaline solution. 
Evidently, there is a difference of mechanism between the two 
types of cases and the kinetic evidence supports the view that, 
while some substitution reactions take place by a bimolecular 
mechanism (8^2), others follow a unimolecular course (S^l). 
Nmherous other observations obrifij^ this conclusion. We can- 
nct at this time give a full discriSsibii of the evidence, for the 
available space will now be requifed for a description of the appli¬ 
cation of the nieohanistifc primciples to . the special problem under 
review. Suffice it' tb say that the two mechanisms are securely 
founded on the firm basis of experunenthl studies and that the 
question as to which of the two processes will be operative in a 
given case has been shown to depend in an intelligible manner On 
the structure of the reactants ' and thO" conditions of reaction 
{cf. Hughes, Trans. Faraday So^., 1941, 37, 603,‘ and references' 
therein cited). Occasionafiy, a ^ven reaction may follow both 
mechanisms, the predominance of , one or the other depending on 
the precise' experimental conditions employed. 

Before concluding this section on the basic mechanisms of 
nucleophilic substitution reactions, it will be convenient for the 
purpose of later discussion to consider briefly the special case of 
the reactions ^alkyl halides with hydroxyUc solvents in the 
pmsence of silver salts. Detailed kinetic investigations have 
shOwffi- Hiat ^silver ions here 'facilitate the tenioval Of • thfe' halogeii 
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from a carbon-halogen bond weakened by adsorption on the polar 
surface .of an insoluble silver salt, e.g., 

R—Cl -t- Ag ——R -1- Ag—Cl; R -f HiO-> R—OH -f H. 

slow mpid 

The reaction, which thus depends on an assisted heterogeneous 
ionisation, is therefore analogous to the homogeneous ummoleeular 
mechanism (8^1), and similarities of behaviour between the two 
types have been observed (see, especially, Hughes, Ingold and 
Masterman, 1937, 1236). For convenience in reference, this 

process will henceforth be termed; “ the silver-ion mechanism.” 

B. The Sterie Orierdatim of Svbstituiion and its Dependency 
on Reaction Mechanism 

(i) Hisiorical DewlopmeTrf.—In. attempting to explain the occur¬ 
rence or, non-occurrence of the Walden Inversion, most of the 
earlier: theories postulated the prior formation of an addition 
complex in which the entering group attached,itself to the a 83 Tn- 
metric carbon atom either on the side of the group to be replaced 
or on the opposite side (Werner, Ber., 1911, 44, 873 and Ann., 
1912, 386, 70 ; Pfeiffer, Ann., 1911, 383, 123; and others). The 
synchronous addition and dissociation mechanism which dispelled 
certain difficulties inherent in the older theories (c/. p. 622) was 
used by G. Lewis to explain how an inversion may be effected. 
“'Let us consider a carbon atom attached to the four radicals, 
Bii, Rj, Rj, and R*, and let us assume that a fifth group, Rj, becomes 
temporarily attached to the carbon atom near to the face of the 
tetrahedron which is opposite to Rj. A slight shift of the kernel 
might make it now. the centre of a new tetrahedron with corners 
at Rj, Rs, R,, and Rj, while R, would become detached from the 
molecule.. Then if the radical Rs in the new molecule were to be 
replaced by Rj, the resulting molecule would be the muror image 
of the one with which we started. In this> esjplanation it is not 
necessaiy to assume that the five radicals are attached to the 
carbon fpr ahy appreciable period of time,; indeed it might be 
assumed that the Rj leaveaat the same instant that the Rs becomes 
attached to the carbon atom(Lewis, loo, cit.).; 

: The alternative] theory of prior dissociation in substitution 
processes ' has also reoeiv^ consideration in connection j with : the 
problem of the Walden Inversion. It was suggested} bjrl'Lowry 
(Conseil de Chimie Sdlmg, l9Z5i IW) thSt substitution tehogfi nn 
interinediate/. carbon,, .cation Mmightj .ptoceed with!; :|*edommatm^ 
retention of configutationi ■ ;whfle/ i itonSfom, and j rFhWps , (Trans, 
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Faraday Soc., 1930, 26, 461; J.G.8., 1930, 415) supposed on the 
contrary that it would tend to produce inversion. Kenyon and 
Phillips assumed that the formation of an intermediate carbon 
anion would lead to eventual substitution with retention of con¬ 
figuration, and they stressed the possibility of retained configuration 
resulting from an even ntunber of inversion processes. It was 
implied in these theories that the ionic interaction would occur 
before the intermediate carbon ion had time to assume its stable 
planar configuration. 

More recent and precise h3rpothe3es concerning the laws which" 
govern the steric orientation of substitution have been advanced 
by Polanyi and by Olson, mainly on the basis of the theory of 
synchronous addition and dissociation (Meer and Polan3d, Z. physihal. 
Chem., B, 1932, 19, 164 ; Bergmann, Polanjd and Szabo, ibid., 
1933, 20, 161; Ogg and Polanyi, Trans. Faraday Soc., 1935, 31, 
604 ; Olson, J. Ghem. Phys., 1933,1, 418; Olson and Long, J. Amer. 
Ghem. Soc., 1934, 56, 1294). Polanyi suggested that substitutions 
effected by anionic reagents (“ negative mechanism ”) involve 
inversion, while those in which the attack is by a cation (“ positive 
mechanism ”) result in retention of configuration. Olson on the 
other hand assumed that every substitution in which only ohe 
bond is exchanged involves inversion. Polanyi and Olson have 
applied their theories mainly to the reactions between halide ions 
and simple alkyl halides or halogenoacids. Holmberg {J. prakt. 
Ghem., 1931, (II), 88, 563; Arhiv. Kem. Min. Oeol., 1917, 6, 
Ho. 23j 33) had previously suggested that the racemisation of 
optically active halides by halide ions was generally due to a 
halogen exchange reaction leading to. inversion, but he did not 
specify that each and every act of substitutidn had this stereo¬ 
chemical effect. Polanyi pointed out that the dipole field in a 
a+ ff- . ... 

link such as C-r-Cl would preferentially direct an anionic reagent 

such as I to the position leading to inversion. Olson employed 
substantially the same idea, pointing out also that, since the 
carbon “ Eigenfunction ” involved in the carbon-halogen bond 
extends beyond the carbon atom on the side away from the halogen, 
there will be a tendency for bond fonnation at the face of the 
tetrahedron opposite the halogen. “ A particle with unbonded 
electron pairs inch as a chloride or a hydroxide ion will require 
a smaller energy of activation to react with RiRjRsC.Cl if it 
approaches the carbon face directly opposite the chlorine ... 
the ^oup w^hich is to be displaced determines a unique path for 
the; entering group, such that the system requires less energy than 
it would for any other path. This, then, leads to complete inversion 
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of configuration for a reaction which takes place in one step 
(Olson, loc. cit.), 

(ii) Application of the Concept of the Dvality of Mechanism .—^In 
developing the application of considerations of mechanism to the 
problem of the occurrence or non-occurrence of the Walden Inver¬ 
sion, Hughes and Ingold and their co-workers adopted as the basis 
for investigation the concept of the duality of mechanism in sub¬ 
stitution reactions. Recognising that the steric course of substitu¬ 
tion must ,be intimately dependent on reaction mechanism, and 
having traced through the medium of kinetic data an intelligible 
relationship between nleohanism on the one hand and the structure 
of the reactants and the conditions of reaction on the other, it 
was an obvious sequel to apply the kinetic method to the study 
of the Walden Inversion. By studying the steric course of sub¬ 
stitution under conditions conducive to the operation of definite 
mechanisms (as disclosed by reaction kinetics) it has been possible 
to relate steric orientation to mechanism and its determining factors, 
structure and experimental conditions, in a more rational manner 
than was before possible. 

As already indicated in a preceding section, Hughes and Ingold 
employ the theory of synchronous addition and dissociatioii in 
conjunction with that of prior dissociation, and they do not make 
the net charges of the interacting species a primary basis for the 
classification of substitutions. Treating nucleophilic substitutions 
as either bimolecular (8^2) or unimolecular (S^l), it has been shown 
that while the bimolecular process invariably leads to inversion of 
configuration, the unimolecular mechanism may give rise, depending 
mainly on structural influences, either to retention of configuration 
or to racemisation with predominating inversion. 

The work of previous investigators, particularly that; of Polanyi 
and Olson, had gone far in establishing that inversion is the rule 
for bimolecular reactions involving the substitution by a negative 
ion of a halogen atom in an alkyl halide molecule. A direct 
demonstration of the correctness of this view was given with the 
aid of the radioactive indicator method (Hughes, Topley and co- 
workers, 1935, 1525 ; 1936, 1173; 1938, 209). By means 

of a comparison of the rates of substitution in the presence of the 
corresponding halide ions (containing a proportion of a radioactive 
isotope) with the rates of racemisation of the opticaEy active 
halides imder comparable conditions, the substitution of iodine 
by iodine in 5CC.-octyl iodide and bromine by bromine in a-phenyl- 
ethyl bromide and in a-brotnopropionic acid was shown essehtiaHy 
to involve inversion. : v ^ 
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Although recent theories sometimes differ in their detailed 
application to certain special cases of bimoleoular substitution 
reactions (see below), it is now generally agreed that reactions of 
the above type invariably lead to inversion of configuration and 
the result may be regarded as so definite that it can be used as 
a m6ans of relating sign of rotation to configuration in the reactants 
aiid the products. The conclusions thus reached have been shown 
to'be consistent with the assignments of relative configurations 
which can be deduced fi-om the sum total of evidence relating to 
the application of the most reliable of the methods discussed in 
a previous section (p. 517), The stereochemical consequences of 
single reactions and, especially, of particular reaction mechanisms 
can then be deduced, as exemplified below. In bimoleoular hydi’o- 
lysis with aqueous potassium hydroxide, d-ra-bromopropionic acid 
gives d-lactic acid ; retention of sign in this example may therefore 
be regarded as indicative of inversion of configuration. Now in 
the reaction with moist silver oxide, d-a-bromopropionic acid gives 
l-lactic acid; it may therefore be concluded that this conversion 
is accompanied by retention of configuration. Thus, with the aid 
of further kinetic work on the reactions with silver salts and so 
on, it becomes possible to discover the stereochemical consequences 
of mechanisms other than the bimoleoular mechanism, particularly 
the rmimolecular process and the analogous “ silver-ion ” reaction. 
A dearer conception of the whole phenomenon then emerges as will 
be illustrated below for the replacement of ^Hal. by .OE (.OH, 
'.OEtv-.etc.).' 

. An extended investigation :(J.(7.&, 1937, 1196-1271; Trans, 
Faraday £foe.,. 1938, 34, 202’; J.C.8,, 1940, 1010) along the lines 
considered above has shown that the, qualitative stereochemical 
result of substitution by any of the mechanisms herein discussed 
is independent oS. the halogen which is replaced (chlorine or bromine, 
in itre examples studied) and of the group which replaces it (hydroxyl, 
methoxyl or ethoxyl). furthermore, the qualitative data for the 
heterogen«>us reactions with silver salts are independent of whether 
the active; surface is silver ohlorid© or; broroide, or one of these 
together withi.silver oxide; or oaarhonate. It is then possible tc 
express the main itesults of the investigation in the condensed form 
adopted in the Table below, which summarises the empirical know¬ 
ledge availahle; concerning the rdationship between the steric course 
of the replacement of ;HalJ by .OE on the one hand^ and the; structure 
of the reactants, and the meohanism of the reactions on the cdber. 

The aubstanMaJly complete inversion which aocompani®s sub- 
stitutimi by the bimOlecular reactions, tbe, marhpd; differences 
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Stekic Couhse oe the Homogeneous and Heterogeneous Replacements 

OP .Hal. BY .OR. 

(I — Inversion ; Ra = Racemisation ; Re = Retention) 



Effect on Configuration. 

H. in B.CHMe.Hal. 








Mechanism Sn2 

Mochanism Ssl 

SiJver-ion Mechunisiri. 

CeHaa .... 

I 

I -f Ra 

I Rft 

CeHs .... ; 

I 

I -j~ Ra 

I -]*■ Ra 

COaR-'* . . . . 1 

I 

— 

■ I -f- Ra 

COa .... 

I 

Re 

Re + Ra 


* For mechanisms Sii2 and S»l, B' In the examples Investigated — H or Alkyl; for the sUverdon 
mechanism, E' = Alkji. * 


between the results for the two homogeneous mechanisms (Sj^l 
and 8^2), and the similarities exhibited between mechanism S^l 
and the shver-ion mechanism are striking features of the Table. 
It remains for us to discuss the various results in more detail. 

Inversion of configuration is presumed to be the rule for bimo- 
lecular substitution (S^2) primarily because the transition state 
which leads to inversion (I) will have a smaller energy than that 
which corresponds to retention of stereochemical form (II) : 


R' 


R' 




Y-—.C-X (I) 





R'" X 


The relative energies of the transition states are assessed by applica-. 
tion of the exclusion principle. Transition states such as (il) will 
be less stable than the “ linear ” state (I) because of the large 
positive exchange integrals between the electrons of the non- 
linearly split bond and those of the full bonds. The electrostatic 
factor introduced by a dipole field in the breaking bond, as in 
Polanyi’s theory, will also make a definite contribution to the 
difference between the theoretical rates of the alternative processes, 
but the effect arising from the exclusion principle is considered ifcb 
be more important, and it may take control when the two fScitors 
oppose each othef, as in the bimoleoular reaction of an axubn^^tii 

an ’onium cation. In the attack of Y on C—the electrostatic 
forces direct the anion to the position leading to a retamed con¬ 
figuration, while the exclusion principle still favoum substitution 
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with an inverted configuration. Considerable interest is therefore 
attached to the experimental determination of the steric course 
of a reaction of this kind. There are indications that inversion 
occurs in the one (rather complex) example of such a reaction 
for which results were already available (seo^J.O.S., 1937, 1237); 
and inversion has recently been observed for a simple substitution 
process of this type (unpublished experiments by Dr. S. H. 
Harvey). 

The stereochemical consequences of the unimolecular reactions 
are not so clear-cut, the result depending on the nature of the 
groups attached to the as 3 nnmetric carbon atom, but again the 
experimental observations can be satisfactorily interpreted on the' 
basis of the adopted mechanism (S^l). When only neutral groups 
are attached to the reaction centre, the dominant and character¬ 
istic stereochemical result of unimolecular substitution is extensive 
racemisation, and this is in harmony with independently derived 
evidence that, given sufficient time, the carbon cation will tend 
to assume a planar configuration. Complete racemisation should 
result only if the ion is long-lived, either by reason of an intrin¬ 
sically small reactivity in the ion itself, or on account of the low 
reactivity and/or concentration of the reagent. In general, how¬ 
ever, this condition is not expected to obtain, especially in the 
case of those reactions (“ solvol 3 ^ic ” reactions) in which the 
solvent is also a potential reagent for the substitution process. 
The experimental observations are that partial inversion usually 
accompanies the loss of optical activity and this may be interpreted 
as an effect of the partial shielding of the cation by the receding 
anion, which may not be many molecular diameters away when 
the attack by the enveloping solvation shell or by an anionic 
reagent completes the substitution process. The evidence (which 
is as yet incomplete) relating to the effects of changes in structure 
and in experimental conditions on the degree of completeness of 
racemisation in substitutions of this kind is consistent with the 
explanation given. 

The most interesting stereochemical outcome of substitution by 
a unimolecular reaction occurs in the presence of a group, such as 
an a-oarboxylate-ion group, which can bind a cationic centre, 
holding it ’s^th a bond of mainly electrostatic character pending 
solvent attack. During the , process of ionisation the charged 
substituent will be oriented away from the eliminated ion (c/. inset). 
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and it will tend to hold the pyramidal configuration thus produced 
until a new group enters the position from which the old one left, 
thus leading to retention of configuration. It may be assumed 
that, contributing to the normal state of the “ ion ” (which is now 
a betaine) there is a canonical structme in which the two charged 
atoms are given septets, which maintain a tetrahedral character 
in the orbitals. 

The complete contrast between the results for the two homo¬ 
geneous mechanisms (SnI and 8^2) when a carboxylate-ion group 
is directly attached to the asymmetric carbon atom illustrates 
most forcibly the importance of studying the sterio effect of sub¬ 
stitution under kinetically controlled conditions. The hydrolysis 
of the a-bromopropionate ion, for example, is foimd to occur in 
general by both the bimolecular and the iinimolecular mechanisms, 
but, by suitably choosing the concentrations of the reactants, the 
separate mechanisms, Sn 2 and SnI. can be isolated (the bimolecular 
reaction in concentrated alkaline solution and the unimolecular 
reaction in dilute alkaline solution), and, by studying the optical 
effects of substitution at these two extremes of concentration 
separately, it is found that while the bimolecular mechanism leads 
wholly to inversion, the unimolecular mechanism gives almost 
quantitative retention of configuration, as already explained. One 
can imagine the complicated and misleading results which might 
emerge from an investigation carried out without such a control 
of mechanism. 

In the early work on the Walden Inversion it was often found, 
as already mentioned, that different stereochemical results could 
be obtained by the use of different reagents, such as, for example, 
silver oxide and potassium hydroxide in the replacement of halogen 
by hydroxyl. In our example we have obtained two opposite 
stereodhemical results by the use of one reagent, namely potassium 
hydroxide, at different concentrations, these concentrations being 
such that one mechanism predominates at one extreme of con¬ 
centrations and another mechanism at the other extreme. There 
could be no better illustration of the soundne^ of the belief that 
the key to the apparent mysteries of the Walden inversion is to 
be found through a study of reaction mechanism. 

Concerning the similarity of behaviour between the unimolecular 
and the silver-ion mechanisms, no detailed explanation is necessary. 
The conditions in the homogeneous reaction being different from 
those obtainiag in the heterogeneous process, we could inake no 
quantitative predictions in regard, for instance, to the comparative 
degree of racemisation to be anticipated, but, from the nature of 
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the two mechanisms, a quahtative similarity should hold, and 
this is. found to be th^ case. 

By applying the orientation i-ules, deduced as outlined above, 
to previous investigations of the optical effects accompanying the 
hydrolysis and alcoholysis of optically active halides, it has been 
possible, in spite of the general lack of precise information con¬ 
cerning the conditions under which the determinations were made, 
to foimulate tentative assignments in regard to the relationships 
between the signs of rojiation and the configurations of the reactants 
and the products involved in many replacements of .Hal. by .OR 
{J.C.8., 1937, 1252). With this preliminary knoiv^ledge, it is then 
possible to obtain some insight into the stereochemical behaviour 
of those reagents (phosphorus halides, thionyl chloride, hydrogen 
hahdes, etc.) which, acting on the hydroxy-compounds, restore a 
halogen, atom, and some progress has been made in the reinvestiga¬ 
tion of-these reactions (c/. Hughes, Ingold and Whitfield, Nature, 
1941,147, 206.). 

Some further work remains to be done on the mechanism and 
steric orientation of the reciprocal replacements of .Hal. by .OR. 
Other reactions are being investigated in a similar way.* It may 
perhaps be claimed that a good start has been made towards a 
fuller understanding of the fascinating problem under review and 
its broader implications regarding the stereochemical course of 
reactions generally. Commenting on the method used in the 
recent work, Hammett has expressed the following view: “ It 
demonstrates the possibility of determining relative configurations 
of optically active compounds by reaction kinetic measurements, 
and breaks, a path, through the jungle of confusion which has 
alvrays surrounded the Walden Inversion ” {Trans, Faraday 8oc., 
1938, 34, 221). That is roughly how the position stands at the 
present timethe rapid progress which seemed possible in 1938 
has been inevitably retarded by the events of the intervening 
yeaM, Other parts of the “ jungle ” stUl require intensive bulti- 
vation but the “ path ’’ which has been shaped, and the knowledge 
and exp^ence of a successful technique now available, will be of 
great assistance in Completing the work. 

* CoQsidarabie progress has beeii' made, particularly on the reciprocal 

replacements faf vSal. by .NHji - 



THE NEW OPTICAL GLASSES 

By H. W. LEE, B.A., P.Inst.P. 

PuUin Optical Co, 

Histobioally the production of optical glass has followed stimulus 
from the instrument-maker. Newton’s experiments seemed to show 
that dispersion was proportional to refraction (in modem terms 
that the Abbe V number was constant for all glasses) so that 
achromatism was impossible. This misconception must have arisen 
from the paucity of glasses available. Later a different type of 
glass was introduced by the English glaSsmakers, 'Who found that 
the addition of lead salts produced a heavier glass from which 
table-ware of increased lustre could be made; The amateiu Chester 
Moor-Hall and the optician DoUand independently found.that an 
achromatic combination could be made with a dispersive lens of 
this glass and a more powerful collective lens of the old “ crovm ” 
glass. 

Glass at that time was not made specifically for optical instru¬ 
ments ; only by selection was it possible to find suitable pieces, and 
these not exceeding 3 inches in diameter, for telescope objectives. 
The first problem for the glassmaker was to improve the manufac¬ 
ture of existing glass, the two types Of which fulfilled the require¬ 
ments of the day. Henri Guinand, a Swiss watchmaker, made the 
crucial invention, that of stirring the glass in the molten state, in 
1784. Fraunhofer had also realised the necessity for improved 
glass for optical purposes and had made some experiments. He 
and his partners induced Guinand to impart his secret to them, and 
the manufacture of optical glass was started in Bavaria in 1806. 
The partnership was dissplved in 1813, and Guinand resumed work 
on his own account. On his death in 1824 his son associated hun- 
self with the French optician Lerebours and the glassmaker Bcm- 
temps and founded a glass-works at Ghoisy-le-Koh fro(m w1uch;.t^^ 
present , firm of Farra-Mantois is descended. The Er^dsh .firm of 
Chance Brothers, which had established a great JoputeKpn -for light- 
houae lenses and plate glass, found itself at a disadvmtage in makmrg 
telescopes because of the Hmited size of the disct ^^ swtable quality 

633, ■ ^ 
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it cotild produce, while discs three times as large were being pro¬ 
duced in France and Germany. They had recourse to the expedient 
of enticing Bontemps to work for them and bring his skill and secret 
methods, and even his assistants, to England. 

Faraday came into contact with glassmaking through his appoint¬ 
ment by the Govermnent as assessor of the relative merits of En glish 
and French lighthouse lenses—the form of which was due to Fresnel. 
He made numerous laboratory experiments, using platinum crucibles, 
and is responsible for the introduction of boron into glass, but, 
probably from his lack of experience, his work did not result in 
successful production. The manufacture of glass seenas to be one 
of those crafts which require for success a background of traditional 
skill and knowledge ; it has in fact been called an art rather than a 
science by a manufacturer and a scientist writing in collaboration. 
Hot only must the materials be uniform in quality and combined 
in the correct proportions, but the operation of mixing the batch, 
raising the temperature, stirring, cooling and annealing must be 
carried out with skill and precision. The composition and manu¬ 
facture of the melting-pots is also important. Glass is considered 
to be a mixture, a “ supercooled solution,” and if the correct pro¬ 
cess is not carried out in all its detail the ingredients may crystallise 
out—^the process of “ devitrification.” Some substances always 
devitrify and are thus useless for glassmaking ; others require the 
presence of complementary substances to prevent devitrification. 
With these and other difficulti^ to be encountered glassmaking is 
rarely successful as a laboratory process. Another amateur attempt 
at extending the glass range was made by Vernon Harcourt, who 
systematically investigated the use of, among others, boric, phos¬ 
phoric and titanic acids. (These were afterwards successfully em¬ 
ploy^, the first two by Schott; the last appears in the latest 
glasses.) He tried to stir his glass by rotating the pot. It is prob¬ 
ably because of his failure to achieve reasonably homogeneous 
pieces of glass that his results were never fully published. In 1862 
he was associated with Stokes and it is on record that they pro¬ 
duced an objective made with two borate flint glasses and a crown 
glass which had a reduced secondary spectrum. Reduction of the 
secondary spectrum had then become the optician’s aim. 

When, through the improvement in the manufacture of glass, 
it was possible to, ijiake large astronomical refracting telescopes the 
achnomatism was found to be very imperfect. Achromatism, that 
is, the bringing rays from two parts of the spectrum to a common 
focM, is possible because dense flint glass has greater dispersion 
thaa. crown glass, but the increase is not uniform throu^out the 
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spectrum—the dispersion of flint glass is relatively greater at the 
blue end than at the red end of the spectrum, so that the disper¬ 
sion of the crown is not exactly neutralised throughout the spectrum. 
The residual colour is known as the secondary spectrum. The 
problem was to find glasses with greatly different dispersions in 
which the ratio was uniform throughout the spectrum. It may 
here be stated that while gome improvement has since been effected 
the problem is not yet completely solved, and the manufacture of 
large refractors has been abandoned in favour of reflectors. 

While these attempts to extend the range of glasses were being 
made photography had been developing in importance and the need 
had arisen for photographic lenses which would yield a sharp image 
of an extended field on a flat photographic plate. The theoretical 
conditions for this had long ago been worked out by Airy and by 
Petzval with the disconcerting discovery that^ with the glasses in 
existence this was inconsistent with achromatism. Actually this 
was an error ^ comparable with Newton’s, and Piazzi-Smyth, the 
Astronomer Royal, had shown that a flat field correction was pos¬ 
sible with the existing glasses. (Incidentally he invented miniature 
photography. Both his inventions were premature and still-bbrh.) 
Apart from the Piazzi-Smyth construction the flat field lens seemed 
more likely to be realised if glasses were available having high 
refraction and low dispersion which could be combined with glasses 
of low refraction and high dispersion. 

Again it was the combination of an optician (Abbe), a glass- 
maker (Schott) and an instrument-maker (Zeiss) that led to suc¬ 
cess after experiments lasting from 1878 to 1884. The first flat 
field photographic lenses were termed anastigmats because they had 
a flat field without astigmatism, whereas earlier lenses possessed a 
quasi-flattened field by the introduction of overcorrected astig¬ 
matism. These anastigmats, using the new glasses, began to appear 
about 1890 in German designs, while H. D. Taylor followed with 
his mubh more original Cooke lens in 1893. 

Chance Brothers started to make the new glasses in 1896, but 
it was not till well on in the new century that they were able to 
issue a short list of optical glasses which included Dense Barium 
Crowns and Light JTints. At the beginning of the war in 1914 ,the 
overwhelmingly greater part of the glass used in optical instruments 
was made in Germany, with smaller amounts in France. Kow;ever, 
the nucleus existed from which an organisation was built up able to 

1 Both achromatism and field flatness can be attained by separation of 
the collective from the dispersive lens. Piazzi-Smyth placed 4 dispersive 
lens right away from the camera lens and olo^ to the focal plaa^.^ 
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supply England’s need in the war and since. An immense amount 
of work also was done by Dr. Peddle, in systematically investigat¬ 
ing the effects of different'constituents, for the Derby Crown Glass 
Co. This company afterwards became the Parsons Glass Co. and 
was finally amalgamated with Chance to produce the Chance- 
Parsons optical glass. 

It will have been noticed that hitherto every fresh advance in 
glassmaking had been stimulated by some demand from the optical 
instrument-makerj and the question arises, what is the present 
dam ani ^ of the optician, and is it fully met by the glassmaker ? 
It would be as well, before attempting to answer these questions, 
to examine the optical situation. 

In photographic optics the trend has been for lenses of larger 
aperture ; cinematography and miniature photography have empha¬ 
sised this trend because only in lenses of small focal lengths, suitable 
for miniature images, is there sufficient depth of field at large aper¬ 
tures. Undoubtedly rapid lenses and extremely sensitive emulsion 
give the photographer to-day powers of photographing under adverse 
lighting conditions undreamed of a few years back. Now extremely 
rapid films tend to become coarse-grained and lose resolving power, 
while as the size of the format decreases the need is for greater 
resolving power. The resolving power of the photographic lens, 
on the other hand, increases as the focal length decreases, but 
depth of field (the ability to render sharp images of objects at 
different distances from the lens) decreases with increasing aper¬ 
ture (and speed). It seems probable that in future it will be pos¬ 
sible to produce very rapid photographic emulsions with increased 
resolving power; lenses must increase in resolving power pan pasm^ 
Another direction in which lenses can be unproved is by giving a 
more uniform illumination over the area covered. At present it is 
usual to tolerate a diminution of exposure from the centre to the 
edge of the picture. To rectify this by increasing the diameter of 
the lenses generally leads to a deterioration in the quality of the 
image; No doubt research will be directed to improving lenses 
in this respect; It is unlikely that any great increase in present 
apertures will be needed except in special circumstances, e.g, the 
photography (rf fluorescent X-ray skiagrams. / 

' In lenses used for reproduction of pictures by surface printing, 
iiC. process " lenies, the increasing use of ,colour work will stimulate 
research in apooliromatio correction. In microscope objectives the 
need;is for extremely high resolution and appchromatism to effect 
ihm. ffitWto the- mi ne ral fluorite has been erhployed to inake 
apoolmomatio;: objectives end any , ftirther unproyemeut , ydfl 
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probably be sought for in the use of natural or synthetic crystalline 
material (the size is so small that practical difficulties, which usually 
occur in the production of large crystals, do not exist, and expense 
is almost no object). But with increasing use of photography in 
association with the microscope the demand is likely to arise for 
flat field objectives of large aperture. Such lenses are difficult to 
design and the construction is necessarily compKcated and costly, 
so that progress has not been great.and has hitherto been confined 
to one firm. Nevertheless, the demand will increase and will have 
to be met by the production of a whole series of flat field objectives. 

In telescopes advance is needed in two directions—objectives 
are wanted of larger aperture and field for hand-held instruments 
(binoculars) and of flatter field in general, especially where graticules 
are used. Graticules require the flat field eyepiece, a design that 
has hitherto been shirked through fear that the construction will be 
too complicated and the increased number of glass-air surfaces lead 
to too much loss of light and contrast. 

All these possible developments suggest increasing complication 
in structure, and it is natural that the optician should look to see if. 
the glassmaker can help him either to. simplify his construction or 
to improve the quality of the image, by providing glasses having 
an extended range of optical properties. 

Just before the war it was evident that progress was being made 
in Germany in the production of glasses of unusually high refractive 
index with relatively low dispersion, as such glasses began to appear 
in patent specifications of German origin. The advance was not 
spectacular but showed the direction in which things were moving. 
We now know through the publication of a specification by the 
Custodian of Alien Property in the U.S.A. that these new , glasses 
contained lanthanum oxide. This is found suitable for increasing 
the refractive index but produces a tendency to crystallisation, 
especially m the presence of silicon oxide, the usual flux. To over¬ 
come t^ tendency boric acid is substituted, but ; this, introduces 
a fresh trouble—the glass has low resistivity to acid ; substitution 
of barium oxide for some of the boric overcomes this defect. Part 
of the barium may be replaced by other earth alkalis as w^ .as 
zinc and lead to produce a range of satisfactory glasses in which 

is greater than 4-86 ^ 0*004 V, The latest information 
thoriuni oxide also enters into , the composition. : ^ 

The next advance to be recorded was made ^by 
described in British Patent Spec^pcatioias. 462,304 of 
1985, and 534,680 of October 7> 1938*, in 
having refractive indiqes in, excess of 1-75 
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but greater than 38 — 38that is, greater than 
2-76 — 0-0626 V — 0-00069 V*. In the later specification the 
glasses have larger V and smaller Tip. These striking results (the 
refractive indices go up to 2-0) were obtained by the incorporation 
of oxides of one or more of the following metals; timgsten and 
metals having an atomic weight greater than 47 and lying in the 
even series of Groups III, IV and V of the periodic series, with 
silioa content not greater than 10 per cent. The metals specified 
are titanium (tried a century earlier by Haroourt), zirconium, lan¬ 
thanum, tantalum, thorium, tungsten, yttrium, colombium and 
hafnium. Some of these are too rare to have much practical 
importance. A notable breakaway fi'om the traditional materials 
of glassmaking is thus recorded. Hitherto silica had been an 
essential ingredient, but in these glasses its content is limited on 
account of the tendency to devitrification with the special oxides. 
This tendency can be checked by addition of sodium hydroxide, 
but Kodak prefer not to use silica at aU or limit it to 1 per cent, 
or less. The process of manufacture is to melt the weighed, screened 
and mixed materials at a temperature of 2000° to 2500° Fahrenheit. 
The melted batch is then poured into a container at a temperature 
of about 1000° and placed in an annealing oven at a temperature of 
about 1600° and slowly cooled. 

During the war the Chance glasses appeared; these are neither 
so numerous’nor cover so wide a range as the Kodak glasses, but 
mark a distinct advance in optical properties over the pre-war 
glasses. It is not possible to disclose at present the constituents 
of these glasses beyond the general statement that appreciable 
quantities of silica and rare metallic oxides enter mto their com- 
pOMtion. One of the difficulties encountered with glasses of extreme 
type is that in the melting process they attack the pots. The 
newest glasses are therefore melted in platinum vessels (as were 
Farcy’s experimental melts). Electrically heated furnaces are 
specially designed to give the exact heat-control required. The 
whole contents of the pot are poured into one or relatively few 
slabs so that although the weight of each melt is comparatively 
small quite large lenses can be produced. The experimental batches 
were no'greater than 6 pounds, but this has been progressively 
increased to 10, 20 and 60 pounds, and 100-pound melts are con¬ 
templated. The costly materials and the method of manufacture 
make these glasses necessarily more expensive than ordinary glasses. 
One important ^vantage of melting in platinum pots is increased 
^d-oin from colour, seed (small glass bubbles), etc., so that the 
hewi^t glaisses are almost as “ white ” as borosilicate crotm, hitherto 
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regarded as the standard in these respects, and therefore usually 
chosen for prisms. Exact temperature and other controls are 
necessary to ensure that uniformity between one batch and another 
which is a desideratum if the optician is not to be continually 
recomputing his systems. Constant watch has to be kept on the 
tendency to devitrification, and Chance’s have worked out a method 
of exploring this tendency. These glasses, despite their extreme 
properties, seem to be at least as resistant to weathering as normal 
flint glasses. They are, moreover, harder than flints of the same 
refractive index, which is an important advantage to the glass 
polisher. 

It may be of advantage to explain here the nomenclature of 
optical glass. Crown ” glass was originally .made by spinning 
out a sheet from a lump of molten glass gathered on an iron rod, 
to a diameter of 3 feet 6 inches to 4 feet. In the days when excise 
was collected on glass and every operation of its manufacture super¬ 
vised by resident excise men, stringent regulations were in force as ’ 
to the raw materials that could be used. Rather better materials 
were allowed for crown ” than for bottle glass, hence the name. 

Flint ” glass was so named from the source of one of its ingre¬ 
dients. When the number of glasses was increased for the benefit of 
the instrument-maker the two names were retained for glasses 
having small and large dispersions respectively, but the main classes 
were subdivided. Thus there were Hard, Soft and Zinc Crowns 
(H.C., S.C. and Z.O.). The addition of boron gave us Borosilioate 
Crown (B.S.C.) and of fluorite Fluor Crown (F.O.). The Schott era 
added barium, and there were introduced Light, Medium and Dense 
Barium Crowns (L.B.C*, M.B.C. and D.B.O.) and Barium and 
Dense Barium Flints (B.F. and D.B.F.). The ordinary flints were 
divided into Extra Light, Light, Dense, Extra Dense and Double 
Extra Dense Flints (E.L.F., L.F., D.F., E.D.F., D.E.D.F.). The 
dividing-lme between crown and flint is somewhat vague and in 
fact they now overlap. The newest glasses have been named by 
Chance Special Barium Crown and Flint (S.B.C. and S.B.F.). 

The figures used in assessing the optical properties of glass are, 
firstly the absolute refraction, specified by the refractive index for 
the mean sodium D lines or helium d ; secondly the Abbe v or V, 
the quotient of the refractive index minus one by the standard dis¬ 
persion for the hydrogen C and F lines; and thirdly the relative 
partial dispersions, that is, the ratios of the di^emon between 
various lines of the Spectrum to the standard dbpersibn. The 
partials are needed only in estianatinyg the secondly^ 

If Ttp is plotted against V for aU glasses lisrfced m diSfereht 
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makers’ catalogues the old ” (i.e. pre-Schott) glasses are seen to 
lie close to a well-defined curve. The new ” glasses (barium 
crowns) lie away from the curve in the region of increasing n, 
and their separation from the old curve is an indication of their 
optical value. Glasses which lie still further away from the curve 



Fial X. 


should be of still greater valiie, apd this is just what the ‘‘ newest ” 
glasses do. 3 , Jfl .Fig. 1 the pre-war glasses are, taken from the 
Ghance-Parspns list, but fi>r simplification some are omitted. 
The newest glassy as listed by the various .makers are also, shown, 
S*B.C. and ate Chance glasses, P. those of Parra-Mantois 

of; JVahce, and ,S those, of Schott , The j^exnainder are ICodak’s 
: , ,A the proper^i^s are^ not given, ^ 
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full accuracy. XY is the limiting curve of Kodak’s specification, 
viz, V = 38 — 38\/?^ — 1*75. QPX marks the region above which 
the glasses in Kodak’s later specification lie. The straight line 
n = 1*86 — 0*004 V of the German specification is also shown (TU). 
The “ newest ” glasses are seen to lie on a higher curve than the 
“ new ” glasses, and mark a distinct step forward comparable with 
that of Schott in the ’eighties. It is rather remarkable that the 
glasses should lie on such well-defined bands in view of the number 
and variety of new metals that have now been used. 

To exhibit any possible improvement in achromatism indicated 
by the new glasses, the ratios of the partial dispersions for the 
region from the helium red line h to the hydrogen C to that 
for hydrogen F to mercury g are plotted as abscissa and ordinate 
respectively (Fig. 2), It is at once seen that all the glasses lie on 
a narrow straight band, implying that for all glasses the relation 
lc{n^ — riQ) + l{ng — n^) + {n^ - 7^c) = 0 
is approximately true. If two lenses of curvatures Ci and Cg are 
achromatised for C and F, then 

Ci(?lp — ^o)i "k ^o)a ~ ^ 

The partial differences in power are 
<5Fa-F = - ^f)i + 

and ~ — ^c)i — ^c)a 

whence only be zero if <5 Fj,^q 

and this requires that the partial dispersions should be identical for 
the two glasses. No glass pairs having a substantial difference in V 
fulfil this condition, though some approach it. Flint glasses of 
which the partial dispersions approach those of crown glasses are 
called Telescope Flints (T.F.). The position of fluorite is plotted for 
comparison to show how much more favourable this is for producing 
apochromatism than two glasses are. Some of the new S.B.F.’s 
are seen to be nearly as useful as the T.F/s, which have been par¬ 
ticularly introdu<?ed for reducing the secondary spectrum. 

The question now arises, what advantages can the optician 
expect to derive from the new glasses ? In telescope objectives, 
no great improvement in apochromatism being likely, the possi¬ 
bilities of achromatic combinations having other advantages may 
be explored. For each crown glass each flint glass witliin a certain 
range will form with it two dijfferent achromats free from spherical 
aberration, and among these possible combinations some ^have 
special advantages. A very few are ahnost free from ooina and 
give an extended field ; these are termed aplanats. The new 
glasses extend the list slightly. There are some pairs which have 
the first surface flat. Th^e am usefhl in two ways* Their shape 
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renders them suitable for cementing to flat-sided cells through 
which it may be desired to pass a parallel beam of light, e.gr. in the 
liquid cell used in television where the collimated beam is diffracted 
by a modulated supersonic train of waves. If two such objectives 
are placed with their flat faces in contact the two central com¬ 
ponents having a common flat face can be replaced by a single lens ; 
the triplet so formed is aplanatie when used to produce a real 
inverted image full size. These triplets have considerable practical 
importance, e.p. as erectors in telescopes. Hitherto there has been 
only one really useful combmation of glasses giviug the desired 
correction and this has required rather deep curves and so has a 
Hmited aperture. With the new glasses there are several more 
possible combinations with flatter curves, which will give better 
definition at a larger aperture. 

The telescope objective is a simple system which is quickly 
investigated, but the photographic objective, the flat field eyepiece 
and microscope objective are more complex and the effects of the 
new glasses have not yet been fully investigated. Generally speak¬ 
ing, the additions to the glass list will facilitate design and lead to 
flatter curves. Those glasses which depart most widely from the 
curve BiS of the “ old ” glasses have hitherto proved most useful 
in flat field systems, so the “ newest ” glasses should prove still 
more favourable. Probably they will be used in conjunction with 
flints higher up the curve and take, advantage of the large disper¬ 
sion of such flints. The higher dispersion needs lower powers for 
achromatism, while the higher refractive indices will result in 
shallower curves with equal satisfaction of the Petzval condition 
for field flatness. But it must be observed that the two curves of 
the “ old ” and the “ newest ” glasses tend to approach one another 
as the refractive index gets higher and V lower, so that the advan¬ 
tage begins to be lost if this advance is pushed too far. It is not 
easy to formulate the optical requirements therefore, and no new 
optical writings have suggested on theoretical grounds what new 
glass types are needed. There was, however, a general feeling 
before the war that the design of photographic lenses had reached 
almost a stalemate—^that it was unlikely that new designs of great 
originality or outstanding excellence would be forthcoming; that 
the ground had been fully explored and that the appearance of 
new materials or new suHaces would be necessary before much 
further improvement could be expected. As new material^ synthetic 
or natural crystals and plastics were being explored; while aspherical 
surfaces and methods producing them were also bemg investi¬ 
gated. Some success has been attained in the manufacture of 
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large crystals and sonie of these will be useful, especially in the 
spectroscope, because of increased transmission in special regions, 
or because with theh help achromatism over a large region of the 
spectruni will be possible. The plastics have hitherto proved less 
useful as they ■ do not attain to the standard of glass in stability, 
uniforinity, transparency or durability. They have succeeded 
chiefly in showing what a wonderful substance optical glass is! 
Aspherical surfaces present difficulties both to the computer and the 
manufacturer, which cannot yet be said to have been overcome. 
They cannot be made with the accuracy of spherical surfaces, so 
that at present their use is confined to condensers and eyepieces 
and the hand-figured surfaces used in astronomical systems. 

Opticians have been too busy with urgent war needs to investi¬ 
gate yet the full possibilities of the new material placed at 
their disposal. This is not to say that no patents have yet incor¬ 
porated them. It was mentioned that before the war the Germans 
had specified some of these glasses, although the extreme ones had 
not then been produced, and it is known that some of these designs 
hate been used in serial camera lenses. Since the introduction of 
the Kodak and Chance glasses English and American opticians 
have had over fifty patents incorporating them published in Great 
Britain alone. These nearly all apply to standard designs, however, 
designers have apparently striven to peg out each his claim for 
the use of these glasses in the old designs, and it looks as if some 
improvement in existing designs is : possible. As an example, 
B.P. 664,306 relates to a lens of the Goenz Dagor type made from 
Kodak glasses. As compared with the original this should give 
equafiy good results over a field-4° or 5° greater. Although this 
type of lens is obsolescent in England, in the U.S.A. it is used in 
ajr photography, where an extended field is of great importance as 
increased “ coverage ” of the lens reduces mapping costs. B.P.’s 
623,062 and 632,960 claim a Cooke triplet made from the new 
glasses and having an aperture up to f/2'2. With the old glasses 
it: was possible to design 'a triplet having an aperture of f/3 or 
even f/2-8 covering a field of abbut 86°. To increase the aperture 
still finrther it was necessary to incorporate more elements or use 
a different ocmstruction also employing more elements. The new 
lens thiK; shows a saving lin manufacturing, costs to offset the in- 
fcreased'price pi.thei glass. In another design (patent applied for) 
the new Chanoe j^asaes have-been employed in a lens of the well- 
known Tessar: type, with, the result that the: maximum departure 
from field flatness has.been reduced to onerthird the value in the 
' original Tessar. .B:.B* f623,061 employs the new glasses in a well- 
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known six-lens type having an aperture of f/2, with the result that 
zonal spherical aberration is very considerably reduced and the 
sharpness of the image improved. These, then, are some of the 
improvements that have been noted, although the writer caimot 
claim to have investigated the whole fifty patents. It must be 
repeated that the real possibilities of the latest glasses have not 
yet been exploited and there may emerge designs of an entirely 
new type. This is especially possible in flat field eyepieces and 
microscope objectives where the ground has been less well covered 
than in the case of the photographic lens. 

The latest glasses have some disadvantages besides higher cost. 
They are heavier, and on account of their higher refractive index 
reflect more light. The amount 0 f light reflected from a polished 
surface at normal incidence is {{n — l)/{n + 1)}^- This fraction 
amounts to 0-04 for n == 1*5, Le. about 4 per cent, of the light is 
reflected at each surface. The light reflected at the first surface of 
a Lens is lost to the image, that reflected at the second surface 
returns to the first surface and some of it is again reflected back 
and falls as unwanted light on the image plane. With a compli¬ 
cated system there is interreflection at aU the free surfaces so that 
a considerable fraction of the light is lost and another fraction falls 
as scattered light on the focal plane. In a photographic lens (for 
example) having six glass-air surfaces it has been calculated that as 
much as one-third of the incident light is lost and that 6 per cent, 
of the light reaching the photographic plate is stray light. With 
n = 1*6 the proportion of light reflected at each surface is 0*055 
and for = 1*7 it is nearly 0*07, and in the six glass-air lens the 
scattered light on the focal plane is 12 per cent, of the imaging 
light. This scattered light reduces the contrast of the image and 
is more serious than the loss of light which merely compels an 
increase of exposure. With instruments such as telescopes having 
as many as twelye surfaces the scattered light in the image plane 
may amount to as much as that in the image itfeelf. This serious 
state of affairs has been alleviated by the recently introduced pro¬ 
cess of covering the surfaces with a non-reflecting coating. This 
acts by interference between the Hght reflected from the coating 
and that reflected from the lens surface, and under the correct 
conditions reflected light disappears entirely. These conditions are 
that the reflective index of the coatmg substance should be the 
square root of the refractive index of the glass it covers^ and that 
the thickness of the coating should be an odd number (pi^ferably 
one) of half-wavelengths of the light in the coatnig substance. 
Now the square root of 1*51, the refractive index of Boro Silicate 
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Crowu, is 1-23 and there is no suitable substance having this low 
index. The square root of 1-7, the refractive index of a Special 
Barian Grown, is I'SO ivhich is close to 1-36, the refractive index of 
the usual eoating materials magnesium and aluminium fluorides. 
Hence non-reflectir^ or “ bloomed ” surfaces as they are called are 
more efflcient on glasses of higher than on those of lower refractive 
index. In practice, it is possible to reduce the surface reflection 
to the order of I per cent, by blooming; a bloomed lens of the 
hew glasses therefore gitres greater contrast than an unbloomed lens 
of the older glasses. The blooming process, of course, adds to the 
cost and indicates that the new glasses will not appear in the 
cheaper lenses and instruments. 

Blooming is thus seen to be essential if the fullest use is to be 
made of the new glass, and it removes the restriction that the 
optician has always worked under to reduce the number of his 
glass-air surfaces to a minimum. With this limitation removed, 
the optician is freer to work out his designs, and with the new 
wealth of glass put at his disposal should be able to evolve better 
optical systems in the near future. 



MIMICRY, PROTECTIVE RESEMBLANCE 
AND ANIMAL BEHAVIOUR 

By G. S. CARIER, M.A., Ph.D. 

Lecturer in Zoology^ Unimreily of Cambridge 

Ik discussions of prot^^ctive resemblance and mimicry in animals— 
a recent example is the review of the genetics of mimicry by Br, R. 
Goldschmidt [1]—^the assumption is’almost Mways made that a 
resemblance will be of value to the animal if it shows characters 
that would deceive a hunian observer. At the same time it is 
adinitted that the value of these resemblances in the natural life 
of the animal lies in any power they possess of rendering ineffective 
the attacks of predatory animals. For insects these are very 
generally birds ; less frequently and in some habitats, monkeys 
and other animals. The assumption thus implies that animals, 
especially birds, will be deceived by the same characters as those 
that would deceive us. The purpose of this note is to point out 
that, so far as birds are concerned, this is not so, for recent work 
on bird behaviour shows that in many situations birds recognise 
objects in a way very dififerent from ours, and are often deceived 
where we should not be. If this is true, some revision of our 
theories of the evolution of these resemblances would seem to be 
needed. < 

Even before this recent work, it was by no means dear that 
a bird searching for ah object, such as a caterpillar bn a tree, will 
behave as we do. One cannot believe that the bird, like us, will 
forhoL a conceptual image of the object of whibh it is in search, 
combining many characters of the object in a generalised conception 
of the whole, and will keep this image in mind as it exarhines'the 
tree. It will not be continually 'whether each object it 

sees is caterpillar or bark. It is more likely that the bird pass 
its gaze ovOr the bark until some object stands out suffieiehtly 
from the background to attract its attention, ahd has 
blance to a caterpillar good enough to stimulate thif of 

pecking. So, too, in chasing flying butteife 
a mimic if the visual stimulus it provides is suffid^tiy lik that 

■'■547 
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of the distasteful species it mi m ics. The bird will not consider 
whether any particular butterfly is or is not a mimic. 

However, arguments such as these tell us nothing of the char¬ 
acters by which birds recognise objects as being of particular types. 
The conclusion of recent studies of bird behaviour is that very 
generally, at any rate in those situations—with which we are con¬ 
cerned in discussing mimicry and protective resemblance—^in which 
recognition of the object leads to some course of action, a bird 
recognises an object not by its general appearance as a whole, as 
we do, but by some simple and usually single feature possessed by 
the type of object to which it belongs. This feature may have 
very little to do with the general appearance of the object. 

It is true that not all bird behaviour is of this type. In some 
situations, especially in recognition of individuals of the same 
species [2] and in the artificial situations provided by experiments 
on problem-solving [3], but perhaps also in some other situations, 
birds seem to be capable of behaviour more like ours. At least, 
the simple behaviour here described is general enough to be taken 
as a very important, and probably the most important, part of 
the background for our views of protective resemblance and 
mimicry. 

Lorenz [4] speaks of the features used in recognition as 
“ releasers,” by which he means that they serve as. signals to 
imtiate or release the action with which they are associated. He 
gives an. example from hhe behaviour of the jackdaw (p. 247). 
“ For a long time I have been familiar with the fact that my tame 
but free-living jackdaws would furiously attack me if I gripped 
one of them in my hand, but I was very much astonished when 
I inadvertently elicited, exactly the same response by carrying a 
wet, black bathing-suit in my hand. Subsequent experiments 
shpw^-that anything glistermg, black and dangling, carried by 
mry living creature, would release the very same reaction in the 
jackdaws. Fven jackdaws themselves were subject to attack from 
their fellows when they happened to carry nesting material possess- 
ii^ the characteristics just mentioned.” The social defence reaction 
was, called out by this simpl® signal; if that were present, the 
reaction msulted whatever the other characters of the situation. 

Again, frack [6], in his study of the robin, found that , the bird’s 
aggressive behaviour against another bird in its territory, though 
somewhat, complex,, is built up of similar reactions. It consists of 
at least three reactions, each stimulated by a? different releaser. 
The reactions are (1) fli^t in pursuit of the intruder, if it is flying; 
i?) ppsture against it in threat display,; and ;(3) active attack, 
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mainly by striking it with the beak. For the first the stimulus 
is the sight of a small bird flying in the territory; for the second 
that the object should have red feathers similar to those of a robin’s 
breast; and for the third that it should have the shape of a robin. 
The observations that most clearly showed that the behaviour was 
of the kind analysed by Lorenz was that the birds would posture 
against a patch of breast feathers taken from a stuffed robin, when 
this patch of feathers was set up alone. They would both posture 
against and attack a whole stuffed irobin in spite of there being 
no response, and, once, the attack was so violent that the head of 
the stuffed bird was knocked off. The only object that possessed 
these characters and was not attacked was the bird’s mate. Other¬ 
wise, the reactions were general and stereotyped, with only a few 
exceptions. 

Many other examples of this type of behaviour in birds are 
given by Lorenz [2] and may be found elsewhere in the litera¬ 
ture. 

Russell [6] has recently discussed these aspects of animal 
behaviour. In his phraseology characters that are competent to 
initiate action—^Lorenz’s releasers-r—are called valent for the action 
initiated. Other features of these valent characters are that they 
may be valent only in certain surroundings, as a nestling in but 
not out of the nest, and that the same character may be valent* 
in different circumstances for different types of action. He shows 
in addition that animals of other groups besides birds may recognise 
objects in this way. He concludes (1940-41, p. 267): ‘‘ We must 
carefully guard against the fallacy of assuming that animals perceive 
objects in the detailed and complex way that we do, as continuing 
^ things,’ recognisable by a large number of associated character¬ 
istics ; the evidence tends to show, on the contrary, that animals 
may attend to and perceive only one or few characters of objects. 
That is why their perception sometimes leads them astray.” 

This last sentence from Russell brings us back to the problems 
of mimicry. These views of bird behaviour imply that, so far as 
the behaviour is of this type, the biid will confuse the mimic and 
its model if they both possess the same valent characters, and not 
necessarily if they are similar in general form and colour. In 
butterflies and other insects we have no knowledge of the naiture: 
of the characters that are valent for birds. They may be features 
of the flight, of the form or coloration of the body, ojE'its smell, 
or of any other character of its biology, but it ia their presence 
or absence that will determine Hhe selective value of the resemblancb. 
And this will be true of protective resemblance as well ^ of mimiory,; 
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for a bird will also recognise its prey by valent characters. Here, 
however, there is the antecedent requirement that a motionless 
prey must standout sufficientlyfrom the background to be recognised 
as a discrete object. Much of protective resemblance is clearly 
adapted to prevent this [7], 

If these conclusions are accepted, the question arisas, why the 
very perfect resemblances, as they seem to us, that are so often 
found in both protective resemblance and mimicry, should have 
been evolved. Though one or at most a few valent characters are 
used by a bird at any one time for recognition, it is unlikely that 
the same characters will be used by all birds. Thus, a resemblance 
will be more effective the more perfect it is, for a good resemblance 
will contain the valent characters for many species of bird. Never¬ 
theless, the slight protection given by the possession of characters 
valent for only one species of bird will have selective value [8]. 
It is also probable that the valent characters used by a bird may 
alter in time; that if one valent character is mimicked the bird 
may learn some other character and this may become valent. This 
second character may be then mimicked and by a repetition of this 
process a general resemblance may be built up. 

These considerations do not provide any answer to many of 
the problems of mimetic and other resemblances, but they do make 
the theoty of their evolution easier in some ways. They finally 
remote the difficulty that has so-often been felt in understanding 
the initiation of these resemblances. Since a simple and very 
partial resemblance may deceive a bird, the argument that a bird’s 
eye is too good to be ^ceived by any but a more or less perfect 
resemblance is no longer valid. The jackdaw’s eye is undoubtedly 
good enough to see the difference between a bathing-dress and 
another: jackdaw, but the difference was not pere&ived. Hoivever 
good the eye may be, only the resemblance will be perceived if it 
is in the valent characters. . 


These views may also help to explain the genetic origin of the 
resemblances.- Simple resemblances as are here postulated might 
easfiy arise as genetic variations, and a later general resemblance 
could be built up of many such variations, whether they are due 
tO'mutatisns, modifying genes or position effects. On the other 
hand, a good f^eral resemblance due to a single genetic factor, 
as seems to occur in'the species of PapiUo [9], will also be effective 
if it . includes the valent characters. . 


The purpose; of this note, however, is hot to provide a theory 
of ndihicry and protective resemblance, but to suggest that these 
should be discussed in the light of the facte of ahimal 
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behaviour as we now know them, and not on the assumption that 
predatory animals behave as we do. 

I have to thank Dr. W. H. Thorpe for help and criticism in 
writing this article. 
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NOTE 

The Editors regret that, owing to lack of space, Mr. F. J, G, , 
Rawlins’ article entitled '^A ‘ Directive ’ Philosophy of , 
Paintings” has had to be held oyer until the October , 
V Number. 



RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By A. Htjuteb, Ph.D., F.B.A.S., Royal Observatory, 

Greenwich. 

The astronomer is perforce an internationalist, if only bocauso not 
all of the sky is visible from a given point on the Earth’s surface ; 
and in a world war, astronomy is one of the first casualties of 
organised scientific research when international programmes of 
observation are out short. Even the less ambitious research is at 
a discount when national service of one kind or another takes alike 
the observer from his telescope and the mathematical astrophysi¬ 
cist from his desk. But the recent world conflict has interrupted 
astronomical work even more than these factors would indicate, 
for the fear of indiscriminate bombardment from the aii*—fear 
only too well justified in the event—early led to the dismounting 
of the bigger instruments in many European observatories. Later, 
Russia alone suffered the destruction of no fewer than nine observa¬ 
tories, some in ground fighting, others apparently from sheer malice. 
When still later the U.S.A. were drawn into the struggle, though 
no dismantling proved necessary, the energies of the yomiger men 
in the big American observatories were diverted, as in Groat Britain, 
to the study of ballistics, to operational research, to navigational 
instruction and to the multitude of tasks in the physical laboratory 
which have made this war as truly the physicists’ war as the previous 
one was the chemists’. Only a skeleton staff, consisting of the 
older astronomers, was left to carry forward greatly reduced jiro- 
grammes. 

But the nulls of total warfare, though they grind exceeding 
small, grind slow, and since these notes last appeared many a pro¬ 
gramme planned years before the war has been carried to a successful 
conclusion. We cannot here do more than scan in hasty review 
some of the more interesting results of the past seven years. If 
in doing so we find that solar physios seem to occupy a dispro¬ 
portionate amount of our time, there are very good reasons for this 
circumstance. First, solar work is done with small instruments 
which it has not been necessary to dismotmt for safety; and more- 
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over, it' is done in friendly daylight, a factor not likely to be under¬ 
estimated by those who have endeavoured, from beneath steel 
helmets, to get time observations between zenith passages of hostile 
aircraft. Second, neutral countries such as Switzerland and 
Sweden have long been in the forefront in solar research, and have 
used their good fortune to consolidate their position. Third and 
perhaps, alas ! most important, solar research has itself recently 
become a matter of interest to belligerent countries. Both the 
U.S.S.R. andj as it now appears, Germany, set up special organisa¬ 
tions in an- attempt to correlate, for prediction purposes, solar 
phenomena with those ionospheric factors which control tele¬ 
communication ; and if this country’s reaction was less apparent, 
that is not to say that co-operation was lacking between the service 
departments and the solar observers. 

Let us start, then, with the Sun. On the observational side, 
ooronagraphs have been in use throughout the war by Waldmeier 
in Switzerland and by Lyot in the Pyrenees. The Swiss results 
point to a connection between coronal activity (mainly abnormally 
high intensity of the green emission line in the coronal spectrum) and 
those recurrent geomagnetic storms which have hitherto defied 
association with any visible solar disturbance. If this connection 
is confirmed by further study, preferably over a complete solar 
cycle, warning of this type of magnetic storm may become possible 
six or seven days ahead, an advance which the telecommunications 
engineer will welcome. Lyot’s recent work has been concerned 
with the application to coronal study of an ingenious optical filter 
with which he has obtained the firat monochromatic pictures of 
the corona in the light of its own emission lines. The filter, of 
which the principle has been used independently in Sweden and 
also in the U.S.A- (under the magnificent name “ interference 
polarising monochromator ”) employs six quartz plates and seven 
polarisers transmitting, between the red and the violet, 13 bands 
two or three angstroms wide arranged to pass the principal chromo¬ 
spheric and coronal lines. Simultaneous cinematograph pictures 
in the red and green coronal lines fail to confibcm the motions reported 
in the corona by previous observers. Even when the film is shown 
speeded up 2400 timesi the corona remains stationary : arches and 
jets appear and fade along invisible trajectories, thus modi^fying 
the shape and aspect without perceptible motions. : * 

An entirely new instrument called the qoronaviser is heing 
developed in America and may come to rival the optical corona- 
graph in time. It employs a televMon scanning system in which 
the light intensity around the Sun is scanned in a spiral path. 
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The uniform glare of diffused sunlight is then transformed by 
standard electronic methods into a direct current, while variations 
in intensity due to prominences and coronal features give rise in 
the Scanning process to small alternating currents which can be 
amplified. In the final picture on the screen of a cathode-ray tube 
the unwanted glare has thus been filtered out, leaving only the 
chromospheric and boronal detail. 

Another war-time development in observational work on the 
Sun has been the striking confirmation of connections, hitherto 
little more than suspected, between solar flares and certain geo¬ 
physical disturbances. This work, contributed to by many physi¬ 
cists, astronomers and geophysicists, has been systematised by 
H; W. Newton of Greenwich in a series of papers which have won 
him the 1946 Jackson-Gwilt Medal of the Royal Astronomical 
Society. A solar flare, until recently called a chromospheric eruption 
in spite of the fact that it generally shows no outflow of matter, is 
manifested by short-lived activity in a limited area of the chromo¬ 
sphere, usually near a spot. The activity is shown' by abnormal 
emission in the spectrum lines of hydrogen, helium and certain 
metals, and its progress is ordinarily followed by observations with 
the spectrohelioscope. Over two dozen spectrohelibscopes were in 
use before the war over the whole world, and given good weather, 
the Sun was under observation by at least one instrument at a time 
throughout the twenty-four hours. The emission usually lasts for 
less than an hour and is evidently accompanied by other radiation 
whosie*es»ot nature is not yet kno’wn. ^ Some of this travels in all 
directions at the'speed of ilighti and penetrates the Barth’s atmo¬ 
sphere as far as the D region of the ionosphere (height 70-100 km.), 
■where it causes increased ionisation over all the sunlit hemisphere ; 
some is emitted from the flare roughly radially in the forto of par- 
MclestrUvelling at about 1600 km. per sec. Among the consequences 
of, the increased D-layer ionisation are abnormal attenuation, 
frequenfJy reaching the stage of complete fade-out, ’ in short-wave 
radio communication on the daylight'side of the Earth, and dis¬ 
turbances in the gebma^etic elements in’ the same sense as the' 
ordinary; daily swing bf the ma|pietio needles; Both effects appear 
and disappear with the visibl® flare;' > s The first is a mattetr of some 
importance to *the radio* engineer, who is fe,ced on;these occasions, 
with" so abrupt; ai Cassation' of signals that mechanical breakdown 
is sometimes sti^6bted; '‘i The corpuscular bombardment may cause 
■Hud^pread ma^^c storms and aurojsse> wh^ the partibles, reach 
the Barth tbe day 'SE^r the visible flare; bUt this normally happens: 

general wit]^; :ab<mt 45 digress of the 
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centre of the Sun’s disk. Accompanying these magnetic storms 
are ionospheric storms still more troublesome to radio communica¬ 
tion than flares, not because the interruption to signals is so complete 
(it is not, usually) but because the disturbance may last for dayn,' 
especially on channels utilising the polar regions of the ionosphere. 
These effects are distinct from those noted above as apparently 
connected with coronal activity : the storms rarely recur as the 
Sun rotates, and they are so closely connected with flares that, given 
favourable geometrical conditions and a flare of sufficient intensity, 
the astronomer may venture on a twenty-four-hour prediction with 
a fair chance that the Sun will not let him down. 

The nature of the electromagnetic radiation causing the B- 
region ionisation is as yet unknown. The difficulty is that radiation 
of wave-length longer than about 1000 A, cannot ionise the nitrogen 
and oxygen molecules and the oxygen atoms which are believed 
to be the main constituents of the atmosphere in the D region; 
and likely-looking shorter wave-lengths are so short that they 
ought to be absorbed before they penetrate to the D region. Funda¬ 
mentally the trouble lies in the imperfections in our knowledge of 
the photochemistry and discharge chemistry of the upper atmo¬ 
sphere—a deficiency which is being repaired so rapidly that the next 
few years may well see the whole matter cleared up. The nature 
of the corpuscular radiation is not quite so obscure, for both theory 
and observation give us hints. As long ago as 1926, Milne pointed 
out that a solar atom which once begins to move upwards in the 
Sun’s atmosphere will be subjected to more intense radiation thaii 
a stationary atom, since the Doppler effect of its outward velocity 
causes it to absorb on the violet wing of its absorption line. An 
initial balance between radiation pressure and gravity is thus upset 
in favour of the former, and the atom will be accelerated upwards^ 
‘‘ climbing out ” of the absorption line until it is exposed to the 
full continuum. A limiting velocity of about 1600 km. per sec. 
is reached when the inverse-square weakening of the^ radiation 
prevents farther acceleration. This hypothesis of vertical insta¬ 
bility of rising atoms thus gives theoretical grounds for expecting 
the ejection, from local disturbed areas of the Sun’s disk, of particle^ 
taking about a day to reach the Earth. In 1929 Chap3nan drw* 
attention to the possibility of detecting these particles directlj^ 
comparing solar spectrograms taken at times of magnetic 
with those secured m periods of magnetic; disturbanbe.'^ 
the latter periods the Earth is probably enveloped m s 
solar particles for hours or even days, and the wMe- of 4he Sun’s 
disk must be viewed through a great length of thb sfeea^ Nbw 
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it is the basis of Milne’s hypothesis that the atoms of the stream 
are of the same kind and in the same condition of excitation as 
those producing the Fraunhofer lines. After leaving the Sun, then, 
they will continue to absorb, but in light of wave-length modified 
by the Doppler displacement corresponding to their velocity of 
approach towards the Earth. Thus, just before the onset of a 
magnetic storm and during its development, the strong absorption 
lines in the Sun’s spectrum should be bordered on their violet sides 
by absorption features whose mean displacement measures the 
mean velocity of the particles, whose width measures the velocity 
dispersion, and whose depth measures the number of absorbing 
particles in the line of Sight. It is now reported that spectrograms 
taken at Mt. Wilson near the H and K lines during two violent 
magnetic storms, when compared with those taken during a magnetic 
calm, give some indication of two very shallow absorption bands 
beginning near the centres of the lines and extending, about 12 A. 
towards shorter wave-lengths. The maximum depth is about 1 
per cent, of the continuum, and the displacements indUoate maximum 
velocities of about 1000 km. per sec., and mean velocities of the 
order of 600 km. per sec. The cautious wording of the announce¬ 
ment suggests that the results are preliminary, but confirmation 
may be obtained during the coming solar maximum. This is the 
first direct evidence for the existence of corpuscular radiation from 
the Sun in interplanetary space. 

Theoretical solar work during the war is dominated by a major 
discovery which has won Professor B. Idl6n of Lund University 
the 1946 Gold Medal of the Royal Astronomical Society. This is 
none other than the identification of the origin of the emission lines 
exhibited by the inner solar corona. These lines have been a 
mystery that has baffled astronomers for the seventy-five years 
or so that have elapsed since they were first observed. Bdl^n’s 
explanation, in removing the mystery, substitutes for it a revolu¬ 
tionary conception of the physics of the outer solar envelope. He 
attributes the lines to the ions of iron, nickel, calcium and argon in 
very highly ionised states corresponding to excitation temperatures 
of milhons of degrees. The electronic juinps involved are those 
known as forbidden transitions, i.e. inward transitions from meta¬ 
stable states. in iwhich the; atoms* concerned: cannot rid themselves 
of their energy except by radiating wave-lengths which are ordinarily 
barred to them. Itt the laboratory, or even in ordina:^. stellar 
atinospheres, an atom or ion in such a state is promptly removed 
fi:om :.it by .oofflsion svdth* another particle or -by ■ absorption of 
•.radiationthe* ootona* thepressure is apparently so low, 
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and the radiation necessary is of such short wave-length, that 
metastability persists long enough for forbidden transitions to 
occur. 

Edlen’s identifications are made either from term values known 
from the extreme ultraviolet spectra of such atoms as calcium 11 
or 12 times ionised, or iron with 9 or 10 outer electrons removed, 
or else from term values for other ions deduced by extrapolation. 
In neither case have the lines actually been observed in the laboratory 
—as yet our technique is limited to producing these ions momentarily 
in high-voltage vacuum sparks : we have no means of keeping them 
isolated till they radiate their forbidden lines. In the former case, 
however, the numerical coincidences are completely convincing, and 
in the latter the circumstantial evidence is so strong that few 
astrophysicists will dispute Edlen’s claim. To the objection that 
the theory is revolutionary he can retort with justice that nothing 
but a revolution could explain the coronal lines, for all the more 
conventional lines of approach have been tried and tried again in 
the past three-quarters of a century. But his work, brilliant 
though it is,. has only pushed the puzzle back a stage. , We are 
now faced with the problem of how excitations of hundreds of 
electron volts can exist in the outer atmosphere of a cool star like 
the Sun, when at its surface the excitation rarely rises above two 
or three electron volts. It is a measure of the stimulus provided 
by Edlen’s work that several explanations have already been 
advanced. Perhaps the one to which least exception can be taken 
is that due to Saha, who, it will be remembered, was faced with 
and solved a qualitatively similar discrepancy in excitation twenty- 
five years ago, when he produced the ionisation theory which gave 
low pressure its proper place in atomic excitation. Saha suggests 
that nuclear fission occurring in heavy atoms near the solar surface 
can give rise to high-velocity nuclear fragments, some of which, 
starting life as iron atoms lacking 15 electrons, pick up electrons 
as they shoot through the chromosphere, and emit the coronal 
lines (most of which are due to iron) farther out. The essence of 
this theory (and indeed, one may conjecture, of any other which 
can hope to explain the origin of the coronal stripped ions) is the 
rejection of the idea of a general excitation of the whole coronal 
region by any thermal or photodectric process and the substitution 
of a purely local excitation. It is as if a Ikfortian observer, :i^33tdliar 
with the Earth’s meteorology, were faced ^ 
explaining a peculiar spectrogram of; the iterrestrial. a 
secured on Guy Eawkes’ night., fie would be on 
only ; when he abandoned any idea that the obsei^ed excStari^ 
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characteristic of the whole atmosphere and substituted a theory 
based on a strictly localised luminosity. 

Another major development in solar theory concerns the source 
of the energy which the Sun, in common with other stars, pours so 
lavishly into space. Astronomers have long since rejected chemical 
combination, gravitational contraction and “ natural ” radio¬ 
activity as possible sources: the first is ridiculously inadequate 
frQiOa. any, point of view, the second is inadequate through geological 
timey and the third, though not inadequatej is contradicted by 
currently accepted ideas on the constitution of solar matter. The 
only hkely source is the transformation of mass m into energy E 
according to the relation 

E == me® (c = velocity of light) 

proposed by Einstein, nearly half a century ago. But mitil the 
beginning of the war no , detailed toeohanism had been put forward, 
though it seemed likely that many nuclear reactions would be 
exothermic to the required degree. The position was that astrophy¬ 
sicists/had developed the theory of stellar structure as far as was 
possible without knowing in some detail what the mechanism of 
energy generation was; Eddington’s work indicated for the central 
temperature of the Sun about 20 million degrees, a temperatuie at 
iwhich atomic, nuclei can approach one another sufficiently close, 
despite mutual repulsion^ for collisions to result in transmutations. 
If those modem alchemists, the nuclear physicists, could suggest a 
thermonuOlear reaction occurring in these conditions and violating 
the conservation of mass, sufficiently to account for the observed 
■energy output, the tproblem- was solved. A detailed examination 
by. Bethe of-the nuclear process^ likely to be important inside the 
Sa3&! led him to suggest .the foUolviug cyclic process, in which the 
helium nucleus is built , up from four protons, with the catalytic 
aidx of -oarbOn and with the release of masa-energy in the form of 
.y-iadiation 

V,. , .,N.»,,■/ . 

All these observed in the la»boi:‘atoFy hi the early 

part^ of the traf, fettt a prelhiimary solar model in which the energy 
was a^iimed fo M above process in a oonyeefcive 

wntainihg H I 'c?e5ht* of the total matter at a temperature 

d^rees^ and of lio gm^ p^ d.o: failed to 
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reproduce the solar luminosity by a factor of nearly 150. Other 
conceivable processes failed by a much bigger factor, however, and 
at the expense of a central density (46 gm. per c.c.) much lower 
than had previously been assumed, more recent calculations using 
improved values of the opacity of solar matter have removed this 
discrepancy and reproduced the observed energy outflow almost 
exactly. Whether such a model is the only possible one and even 
whether it is itself entirely consistent with other astrophysical data 
is a matter for the future to decide. 

Turning now from the Sun to the solar system, we must mention 
first of all the completion by the Astronomer Royal of a monu¬ 
mental piece of work made possible only by international collabora¬ 
tion of the closest kind. In 1931 the minor planet Eros made an 
exceptionally close approach to the Earth : 16-2 milHon miles as 
against a possible 13'8 million miles. Such an event made feasible 
a xedetermination of the solar s paraUaxj or what is equivalent, the 
distance from the Earth to the Sun, the fundamental unit of astron¬ 
omical distance. For this purpose, it wfll be remembered, the 
distance of a nearby member of the solar system is measured, and 
the rest follows by;the apphoation of Kepler’s laws. The extent 
of the observational material willrbe realised when it is mentioned 
that the measureuaent of the photographic plates and the reduction 
and discussion of the measures took ten years. The final value of 
the parallax is S'TOO" ±0-001", which ^corresponds to a mean 
distance of 93,005,000 ± 11,000 miles from the Earth to the Sun. 

The 82-inch reflector at the new McDonald Observatory in 
Texas has recently been used fox a survey of the atmospheres of 
planetary sateUites, The most interesting result has been the 
detectionj from red and .infra-red spectrograms, of methane and 
possibly ammonia on Titan, the principal satellite pf Saturn, sixth 
in order of distance from the planet. This is the first certain evidence 
of an . atmosphere on any planetary sa.tellite, and it raises some 
interesting questions. For instance, the diameter and mass of 
Titan are of the same order as those of the Jovian satellites Callisto 
and (Janymede; of, Triton,, the satellite of Neptune; and indeed 
of our own Moon. The question arises : .Why are there no atmx>- 
spheres on these bodies, twhich have velocities of escape comparable 
with that of Tii^ ? &• the case of the. Moon,; the molectdar rpot- 
jnean-square velocity at the prevadlmg temperature is too hi^ fer 
an atmosphere to, bo. retained. Eutiat about 90? K.,. the^robabie 
temperature of Titan, only hydrogen and, heliajQi will ^oapifc There 
is thus no dffioulty.m aoo<mnti 0 g fcff .aniatmo®|dx€ffeicfi-th^ 
position, found, if it has tboeh ;;jtt(^ed'lip- at a late /evolurionaiy 
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stage, i.e. since the satellite has been as cold as this. Jupiter’s 
major satellites are only some 30 degrees higher in temperature, 
however, and it is difficult to see tvhy they should not have detectable 
atmospheres. It seems likely that the atmosphere of Titan is a 
relatively recent acquisition, and that Jupiter’s satellites have not 
encountered the conffitions necessary to acquire similar atmospheres, 
though they could retain them if they did. It is perhaps not 
irrelevant to note that the discovery makes Saturn unique in 
possessing a satellite with an atmosphere; it is already, of course, 
imique in possessing a ring system. 

Another important spectroscopic advance is the identification 
of the famous “ 4050 group ” of bands in cometary spectra. The 
identification was first made from the structure, which conforms 
best with a triatomic molecule XH 2 , where X = C, N or 0. The 
band was then actually produced by a discharge through rapidly 
streamiug methane in conditions which make it almost certain that 
the emitter is CH*. 

An exhaustive investigation of some 1260 meteor observations 
by Porter would appear to have laid the ghost of hyperboHc meteor 
orbits once and for aU. Meteor velocities from two to three times 
the Earth’s orbita,! velocity were reported some years ago, and 
these, of course, signify the approach of these bodies from outside 
the solar system. Porter’s work is based oh a rigid statistical 
analysis of observational material of known accuracy conducted 
without the assumption made in the earlier work that the directions 
of approach are uniformly distributed in space. It shows no 
evidence of hyperbolic orbits ; indeed, the speeds observed are only 
about two-thirds the parabolic' values, a choumstance which is 
attributed to atmospheric retardation before the meteors become 
luminous enough to be seen. 

Extending our view now beyond the solar system, perhaps the 
most spectacular discovery of the war years is that of nomso^ar 
jJanets. The motions of two nearby stars (61 Cygni and 70 
Ophiuchi), both of them, as it happens, binariesj show peculiarities 
which can only be esplained by assumiug the presence of planetary 
companions. Photogicajphs of 61 (^gni; hitherto regarded a« a 
system of only two components revolving round their common 
centre of gravity in 720'years, show smaiU periodic deviations from 
Keplerian motion suggesting the presence of a companion of only 
one-sixtieth thei mass of the Sun, or sixteen times that of Jupiter. 
This is about ohe-tmth that of Iffie lightest known star, So the 
eompanion is probably better classified as a planet than as ft star. 
Eyery /five yeara round one of the main stars of the 
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system an orbit about the size of an asteroid orbit in our own solar 
system. Similar periodic discrepancies in the behavioxir predicted 
for the components of 70 Ophiuchi suggest that here the mass of 
the companion is even smaller. A planet of about one-hundredth 
the mass of either of the main components circles around one of 
them (it is uncertain which) every seventeen years in an orbit 
about the size of Jupiter’s. If planetary systems are as frequent 
as this—^at least 3 out of 40 stars ^^known to be within 17 light- 
years—our theories of the origin of our own solar system may have 
to be revised. 

Interstellar space has been forced to yield up another of its 
secrets by the identification of the sharp ‘‘ detached ” line at 4300 A. 
as due to the molecule CH. That the identification is correct is 
proved by the classical test of all hypotheses : the successful pre¬ 
diction of other effects. After the identification, a number of other 
and fainter lines due to CH were predicted by MoKellar of the 
Dominion Astrophysical Observatory, Victoria, and found at Mt. 
Wilson in the spectrum of ; Ophiuchi, a distant star showing strong 
interstellar lines. It is likely, too, that interstellar space contains 
CN and NaH molecules. The theoretical astrophysicist is now set 
the problem of explaining the fact of molecular association in the 
physical conditions of interstellar space ; whilst the observer sees 
with satisfaction the 4300 A. line, as weU as the coronal lines and 
the 4050 A. group in comets, crossed off the list of unidentified 
celestial spectra. 

Instrumental developments during the war call for little mention. 
The mounting of the 200-inch telescope awaits its mirror on Mt. 
Palomar. Though the grinding is finished, the figuring, always a 
tedious business because of the lengthy delays necessary for cooling 
between polishing and testing, has been held up by the pressure of 
essential war work. In another direction the war has forced astron¬ 
omers’ hands. Demand for a time service capable of giving twenty- 
four-hour intervals to the 0*061 sec. accuracy required for checking 
precision radio frequency standards has led to the abandonment of 
mechanical clocks as the basis of the Greenwich time service. 
Quartz crystal clocks have now assumed the duties hitherto per^ 
formed by Shoi^t free pendulums except so far as short-period 
extrapolation is concerned. Quartz clocks consist essentially of 
phonic motors controlled via frequency dividers by quartz crysfrils 
maintained in vibration at their natural period'of oscillation (some 
100,000 cycles per sec.) by electronic means. When their ti^thinjg 
troubles—^notably a tendency to stop at intervals of a few days 
weeks^—have been overcome, it is likely that the national time 
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service will depend wholly upon them. Time signals giving twenty- 
four-hour intervals to an accuracy of a tenth of a millisecond are 
already the tai^et, albeit a distant one. 

Lest the opening paragraphs of this review should have conveyed 
too gloomy a picture of the effect of the war on astronomy, let us 
conclude by mmmerating a few of the possibilities which war-time 
research has opened up. The “ blooming ” of optical surfaces to 
reduce waste reflections will allow optical computers of the future 
to. use many more components in their designs than hitherto, and 
will reduce long exposures at the telescope by many a weary hour. 
The scientific use of rockets of the V2 type will, it is hoped, enable 
us at last to explore the solar spectrum below the limit set by ozone 
absorption at 2900 A.-^a development which the meteorologist will 
welcome as' much as the astronomer. Radio receivers working in 
the radar range are already being used to obtain reflections from 
the Moon and perhaps .other bodies of the solar system, and to 
detect emission from the Sim and the Milky Way. And finally, 
astronomers look towards the development of electronic devices in 
the confident hope that they may do in many branches of astronomy 
what they have already done in mieroscopy. 


PHYSICS.; SyE. A. Viox,O.B.E,, Ph.p., F.InstJP,,The Univeraity, Man- 

' ■; .^jchester-... :.. ; . ... . ■ 

The Lximinbsobnob ob Solids.—I n this article we shall not be 
cottc»rBed with oheiniluminesoenoe or triboluminesoence, bnt, with 
the.emisMoniOf visible or near-visible radiation due to the absorptiow 
of energy froin incidesnt light, X-rays, gamma rays, electrons, alpha 
patlac^S'.i etp. . Luminescence, ; in which radiation is emitted only 
dmiiig the absorption of energy or within a microsecond afterwards, 
iSHoaHed " fluorescence,’’ and that occurring, during “ afterglow,” 
laslang froth microseconds to days after the. absorption ceases, is 
kj^Sm.ias V; phosphorescence..’’ . Until the decade before the war, 
tbei^prefaration of luminescent materials, was slmost a eulinary 
.£»fe; and most expermients did ;not seem.: susceptible to theoretical 
interprebaiion, but dui^ that decade much careful experimental 
wbrk and..paraflel progress in the general theory of electron energy 
statesinisftlj^ werebegiiming tO/revclutioifise thesubjeot Genial 

J!on )5foc.,i35, jl9S?9; J. T. 
BsindaU and:M-..,H; E, Wil^^ 6, 174, ,1939; 

K. E. Mott andi R, 1^. Gurney XonicOT&stals, 

1840), u Stimulatevhy /applications to cathode ;,ray tubes and; gas 
^sobai^Htubetdightiirg, has.s:Continuedi duTiag/ the^^^,^^ 
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and some of the results are now appearing in various publications. 
It therefore appears appropriate to summarise recent work and 
the present views on the theory of fluorescence and phosphorescence, 
to serve as a background to papers reporting further progress. 

Two methods of measuring luminescence due to excitation by 
U.V. have become fairly standard {e,g, J. T. Randall and M. H. F. 
Wilkins, Proc. Roy. Soc., 184, 347, 1945). In a modern form of 
the phosphoroscbpe, a disc is rotated about a horizontal axis at a 
known speed, and the specimen is mounted in an annular region 
neat the circumference. U.V. from a quartz mercury vapour lamp 
is selected by a quartz monochromator and focussed on a small 
patch of the annulus. A vacuum photocell, connected to a suitable 
amplifier, is’mounted in a shielded box on an arm carried on an 
axis in line with the axis of the disc. A divided circle allows the 
position of the photocell slit to be measured to within about 0-1 
degree with reference to the exciting patch. The speed of the 
disc is adjusted so that the luminescence decays fully within one 
revolution. The photocell current at different angular distances 
from the exciting patch is a measure of the luminescent afterglow 
intensity at corresponding times. 

In the second method, the U.V. radiation falKng on a specimen 
from a constant source is regularly interrupted by a rotating sector. 
The luminescent light from the specimen is focussed on to the 
cathode of an electron-multiplier photocell, and the amplified out¬ 
put fed to a cathode ray oscillograph. The advantage of this method 
is that both rise and decay curves are seen on the screen and can 
be photographed, and the rise curve can sometimes give more 
information than the decay. For studying luminescence due to 
electron bombardment, the U.Vw beam and rotating sector are 
replaced by an interrupted electron beam which strikes the specimen, 
as in a cathode ray tube, but a complication which may enter is the 
charging up of the screen with consequent alteration in the effective 
energy of the incident beam, and this must be measured or elimi¬ 
nated. (E. R* Piore and G. .A. Morton, J, Appl. Phys., 11, 153, 
1940.) , : ■ ■ ■ ^ - 

The interpretation of the experimental results depends on the 
theory of electronic energy states in non-metals, which is bped 
largely on the work of A. H. Wilson (1931) and extended by Stetea:^, 
Mott, Seitz, and others. The familiar energy levels of dspla^ 
atoms and molecules are broadened into bands in soKds^ tlnlan 
insulator these bands are normally; either compfetdy #11 ^or"are 
empty, and a fuU band is eeparated irom an empty cme by:?^ 
den zone (see Fig. 1). While eteotrbns mayi rndve^^^i^ 
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band, it follows from the Pauli exclusion principle that such move¬ 
ment must be accompanied by equal electron movement in the 
opposite direction, and there is no net current* Por the solid to 
conduct there must be sufficient absorption of energy to raise elec¬ 
trons from the full band A to the next lowest empty band C. An 
electron in the conduction band is separated from its parent atom, 
and is in this sense free, so the process is analogous to ionisation. 
The absence of a negative charge in the parent atom is sometimes 
called a “ positive hole,’^ which can be filled by migration of another 
electron in band A. This is equivalent to the motion of the positive 
hole in an opposite direction, contributing to the conduction. Unless 
there is a permanent photochemical change, an electron in the 
conduction band must eventually return to the band A, though not 



necessarily directly or to its parent atom. It was shown by Peierls 
in 1932 and since confirmed that there may exist associated with 
individual atoms or ions (luminescent centres) isolated levels (excita¬ 
tion levels, E) in the forbidden ssone B. Electrons raised to these 
levels are still bound to the parent atom, and the solid is not made 
oonduotihg* On returning to band A, the energy ii given up as 
radiation or as heat. Electrons in the conduction band may fall 
to levelstE and thence to band A, They may also fall to electron 
traps/- Tj ftirther levels from which they caimot escape until raised 
to the conduction band when supplied with the necessary quanta 
from the thermal^'energy of the solid. These traps are associated 
with impurities in the solid or irregularities in the lattice. In the 
ca^e of the alkali-halides, they are the P-centres studied by ,Pohl* 
ahdvhave been ascribed by Mott and Gurney (foe* to points in 
the la1^ a negative ion ia missing* . 
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We can now consider the possible ways by which the absorption 
of energy can lead to luminescence, (a) The raising of an electron 
from band A to one of the excitation levels E in the same atom, 
and its subsequent return to the groimd state. (6) The movement 
of an electron to the conduction band 0. and return through the 
levels E of the same or a different atom of the solid, perhaps after 
spending appreciable time in the conduction band. While the 
electron is in the conduction band, the positive hole left may also 
move through the phosphor, (c) The capture of an electron in the 
conduction band by an electron trap T. The electron can then 
return only after acquiring sufficient thermal energy to raise it to 
the conduction band again. In all these cases, the electron returns 
to the ground state through the excitation levels E, and gives up 



ReJat/ye position of nucleus 

Fio. 2. 


energy corresponding to the difference in level between E and 
the ground state. This energy may be given up by the emission 
of radiation or as heat. The energy of the emitted quantum cannot, 
of course, be greater than the absorbed quantutn, and in general 
it is less (Stokes’ Law). A dia^am used by Seitz {Trans. Far. 
86c., 35, 74, 1939) is helpful here (Kg. 2). The normal atom will 
have its equilibrium position at the state of lowest energy, repre¬ 
sented by the point A. The upper curve in each diagram represents 
the potential energy—distance curve for the excited atom, with 
its minimum B at a <^erent relative distance. According to the 
Franck-Condon principle, aitomic nuclei remain at rest durii^ ar^ 
optical transition, so fhe absorbing quantum Arj is rep:resent^ by 
AA'. The energy of the excited atom then falls to the equfiibiium 
state B by the loss of energy A'B as heat. The re-emitted quantum 
of radiation is represented by BG — Av,, and;finally there is a loss 
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of energy as heat CA as the atom returns to its normal energy state. 
It is evident that hv^ is less than fo-i. According to Peierls, it is 
possible for the transition BC to occur without radiation by setting 
neighbouring atoms in vibration. This means the absorption of a 
large number of vibrational quanta at once, and the probability 
will not be high, though increasing at higher temperatures. ’ N. F. 
’Mott (Proc. Boy. 8oc., A. 167, 384, 1938) has considered another 
method whereby excited phosphors may dissipate their energies as 
heat, and that is a transition from one state to another at the point 
F (Kg. 2), where the two energy curves are close together (they 
cannot cross). The probability for this transition is A"'^''*’’, 
where W is the energy BF, the probability again increasing at high 
temperatures. We thus see that there may be a drop in the inten¬ 
sity of luminescence with rise in temperature, and this has been 
found with some substances. These considerations apply to all 
mechanisms (a), (6) and (c), and we must now examine the differences 
between them. 

(а) Electrons in Excited States Only. —Since the electrons need 
not enter band C, the solids will not be photoconducting (except 
perhaps at high temperature). The intensity of luminescence will 
be proportional to the rate at winch electrons return to the ground 
states. If «. = the number of electrons per unit volume in a level E, 

I = — ^ = pjt, and I = loe~^ . . (1) 

at 

I ... 

where p is the probability of an electron returning to the ground 
state. The dimensions of p are sec."^. The decay curve is thus 
exponential, of form determined by p, but independent of intensity 
^rid diiratioh of the exciting radiation. For normal optical transi- 
tiotts, p will be of the order of lO® sec."S and for “ forbidden ” 
tramtiohs, about 10* sec.“^ (Mott and Gurney, ho cit., p. 204), 
Th^'fdrm of the decay curve is characteristic of the atom concerned, 
and may be largely independent of the material of the solid as- a 
whole."' 

(б) in Conduction jSande.—If there are no free electrons 

or ettpt/ Imnihiscent centres (positive holes) in the unexcited solid, 
the numbier n of electrons in tHe, conduction band will equal the 
niimber of empty centres, and the probability of an ejieotrpn from 
the conductidh band combining with a luminescent centre will be 
An.*, where A is a constant. • 
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_ =r= At + const. 
n 


n = 

I = A7i2 = 


rin 


1 "i^oAf - 


(n = t 0) 


Equation (2) is, characteristic of a bi-molecular reaction. When 
t = 0, lo == Auo^ 

'Ariot) 

r ' . Vl' Vio- -- ■ ' ' : - .!:■ 


SO that l/VI is a linear function of the time (hyperbolic decay law). 
Phosphors for which this mechanism holds wih be photoconducting 
in an applied field. The rate of decay depends on the initial 
intensity (i.c. bn ^o) so that high intensity luminescence of this 
form has a rapid initial decay. ’ * 

If there are initially m vacant luminescent centres (or positive 
holes), we have instead 

l=-‘~^Anifb+m) ^ 

- at , _ ; 

the solution of which ia , ? . , ^ 




m 




When t is large, the decay is exponehtial, since 

• • n = ' ' 

If initially »o^ the is hyperbolie. : ; 

{c) Electron If the energy leyel of a trap is V electron 

Tolts below the conduction band, V is the trap depth, and the 
probability of an electron withi thennal energy fcT escaping from 
the trap is where « is a eonataht of the order 10? sec.'"^ 

If thwe is no “ retrapping ’’ the rate ;of escaping, is . : 


dn 

dt 


nse~^l^ 



If the time spent iri the conductioh b^d is hegii^ble, this wffl be 
proportional to the intensity of lununesoenoe. Qn inl^grating 

for single trap depths V. ;Thi& is, of: course,rhighly, iemperatlire 
dependent. Trap depths may, however,,, hofvepra w4den®e^^:i<^ 
energies, and the form, of the decay cuirei and: itoi 
depertdehoe will dependoontthe distedbution of trape^stf:! ’ 
Experimerdal 
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pure solids are luminescent. J. T. Randall has suggested {Trans. 
Far. 8oc., 35, 2, 1929) that pure solids will fluoresce only if 
unit cells of the lattice contain ions or co-ordination groups in 
which there are incomplete shells of electrons fairly well screened 
firom neighbours. In such cases the incomplete shells act almost 
as if they were free atoms, and emission spectra will be fairly sharp 
(depending on the sharpness of the levels E in Fig. 1). If the 
fluorescent solid is soluble, the solution also will be fluorescent. 
The mechanism of fluorescence is that of class {a) considered above. 
Uranyl salts, platinocyanides and some rare earth salts belong to 
this class. The great majority of phosphors depend for their 
behaviour on the presence of quite small amounts of impuri¬ 
ties. So-called pure substances which have to be activated by heat 
treatment really belong to this type, since the activation leads to 
stoiclflometric excess of one of the constituents— e.g. excess of Zn 
in zinc sulphide (F. Seitz, J. Oh&m. Phys., 6, 464, 1938). 

J. T. Randall and M. H. F. Wilkins {Proc. Boy. Soc., A. 184, 
347, 1946) have measured by the methods described above the 
luminescence of a range of solids containing manganese impurity, 
and have also measined the photoconductivity of the solids. They 
found that the decay curves were exponential, or almost exponen¬ 
tial, of form independent of the intensity of the exciting U.V. This 
indicates that the luminescence is of our class (a), the slight changes 
from a pure exponential deoa-y being explained by different values 
of the decay constant p for manganous ions in different parts of 
the crystal. Photoconductivity was, however, observed in most 
specimens, even in the pure state; Randall and Wilkins suggest 
that this photoconductivity is not directly associated with the 
luminescence. The phosphorescence of zinc beryllium silicates and 
xinb orthosflicates is at first exponential and then slows down to 
4 long tail, which is ascribed to electrons trapped in the neighbour¬ 
hood of the manganous ion, and subsequently slowly released by 
thermal vibrations. 

In two further papers (Proc. Boy. Soc., A. 184, 306 and 390, 
1946) B,ai^all and Wilkins go on to the study of electron traps and 
their ej^ecls. first explore the distribution of electron trap 

depths l>y activa,ting witli tI.V. a phosphor held at liquid air tem¬ 
perature, and then allowing, the solid to warm up at a uniform 
rate; As the'thedoml energies reach the values at which the elec¬ 
trons can be released from traps of the corresponding depths, the 
solid emits radiatioa by the mechanism of class (c) above. The 
“ glow intensity ” is plotted against teniperature, and gives a 
mieasum of frow' t^ are distributed in energy. The 
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manganese activated materials having phosphorescent tails to their 
decay curves were found to exhibit pronounced peaks in their glow 
curves, indicating the existence of electron traps* Hermann and 
Hofstadter {Phys, Rev,, 57, 936, 1940) have shown that manganese- 
activated zinc silicate exposed at liquid air temperature to U.V. 
shows a sudden increase in conductivity at 213° K. This tempera¬ 
ture corresponds to that of a peak in the glow curve found by 
Randall and Wilkins, and indicates that in passing from traps to 
excitation levels the electrons do go through the conduction bands. 
The energy distribution of traps in impurity phosphors is complex, 
and for details the original paper must be consulted. 

For phosphorescence with very long decay times, the mechanism 
of class (c) above applies. Measurement of the glow curves gives 
some indication of the distribution of energy of the electron traps. 
By extending the theory given above, Randall and Wilkins predicted 
that for a uniform distribution of traps the luminescent intensity 
varies as 1 /t, and for an exponential distribution the phosphorescence 
falls, off according to an inverse power of the; time. These predic¬ 
tions were verified by experiment, alkaline earth phosphors giving 
the 1/t curve, and zinc sulphide phosphors the inverse power law. 

For short-period phosphorescent decays, either class (6) or (c) 
mechanisms could, in principle, apply. Many investigators have 
explained their results in terms of the bi-molecular theory, class (6). 
G. F. J. Garlick and M. H. F. Wilkins {Proc. Boy. 8oc., A. 184, 
408, 1945) have examined this question and have come to the con¬ 
clusion that hyperbolic and similar forms of decay curves are due 
to the time spent by electrons in traps, class (c), and not to the 
time in moving through the conduction band. This mechanism 
may also be combined with time spent in excitation levels E (class 
{a) with forbidden optical transitions), giving an initial exponen¬ 
tial fall, and a phosphorescent tail, as for some of the manganese 
activated phosphors mentioned above; 

This important paper, and those associated with it, emphasise 
the value* of the conception of electron traps in luminescent solids, 
as in the study of photochemical change, photoconductivity, etc^ 
It is evident that the general picture is becoming much clearer and 
that there is a fruitful field for further experimental work linked 
with theory. 

METEOROLOGY. , By P. A, Shsivvabd, R.Sc., to 

College of Science and Technology, London. f ; 

VABiATioi^rs IK THX Fmm OF ATMosp^aib PEESsims.---®^ 
ject may fairly be regarded as the most fundamental: in dynam 



SCIENCE BBOOEBSS 


570 

meteorology, and it is for that; reason, rather than for any striking 
progress which has been achieved in it (though progress there has 
been), that t have chosen it to open the post-war series of articles 
on progress in meteorology.. Let tis note here also that in addition 
to the intrinsic interest of this' branch of the subject, progress in 
the science and art of weather forecasting is quite certainly 
dependent upon our gaining greater insight into the physical pro¬ 
cesses in the atmosphere which lead to dr make up the phenomenon 
of development in the field of atniospherio pressure. 

■ The by now well-kiiown work of the Norwegian school of 
meteorology had up to shortly before the war provided us with 
a systeinised body of knowledge on certain aspects of the inception, 
growth and decay of extra-tropical depressions formed at and 
travelling along the polar front. ' Something regarding the condi¬ 
tions' necessary for the development of an unstable frontal wave 
had been deduced by V. Bjerknes, Solberg and others, but hardly 
in relation ,to the field of pressure about which only a rank em¬ 
piricism prevailed. This was a. thoroughly unsatisfactory state of 
affairs since, apart from the, dynamical significance of pressure at 
a .point, as the wei^t! of the superincumbent atmosphere, pressure 
is a meteorological variable which can be measured with great and 
sufficient accuracy and’'which is, at the earth’s surface at least, 
a much: more representative 'quantity than: other variables; such as 
wind, .temperature and ■ humidity* If then we can gain a clearer 
insight' into the* meohanism, of pressure change we shall be in the 
position to. understand the' dynamios and thermodynamics of the 
atmosphere: to: a muhh' more profitable sense, in all the meaning 
■of-thats'^thet.' 

, ; Before deahng wifh^^^^ recent investigations bn the genesis of 
pressure inequalities, a word about tobls; rSynoptio toeteorologists 
have .until qUite recently been, forced to analyse—as far as they 
were able—^the behaviour of a* threfe-dimensional atmosphere from 
observations . taken at the lower boundary; reinforced by-relatively 
few' vertical souiidmgs made rather spOredioally from ' a quite 
inadequate network of statiohs. . The- advent of the radio-sonde 
and the'ihuoh tocreased use of airorafiif particularly over the oceans, 
havesnOw: muteriaiyiy changedi the picture so that) in certain quite 
large areas at least, a reasonably complete set of observations is 
available. But that is not all. The full value of the additional 
sounding fabitoSes was only to be obtained by haying thtst soundings 
made as nearly as possible'simultaneously over as large an area 
aSupos^le and:vwi'MB the vertical 'soundings inmide practically cb- 
isKsdeffib- toftitoenwith observations made "Over the>ii6twork of 
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surface reporting stations of the saniS* area. Only thereby was it 
possible to build up an adequate three-dimensional picture of the 
stracture of the atmosphere at a given time and to follow the 
changes with time in that structure. 

It is the writer’s opinion that this integrated treatment of upper 
air observations and their marriage with surface observations 
represents potentially the major advance in meteorology during 
the last few years. I say “ potentially ” because the physical 
processes of the atmosphere are so complex that it would be folly 
to expect the acutest analysts to extract the full significance of 
the new charts which may now be prepared at 6- or 12-hour intervals 
after only a short experience of their use. The new charts referred 
to are representations of the pressure temperature and humidity 
fields at a number of horizontal levels, from sea-level up to about 
15 km., or, more fundamental, the representation of the heights 
(contours) of selected pressures from 1000 mb. down to 150 mb. 
together with the fields of temperature and humidity in the selected 
isobaric surfaces. Additional charts may be drawn of the topo¬ 
graphy of the tropopause, and vertical cross-section diagrams in 
selected directions showing the dry-bulb and wet-bulb temperatures 
in the vertical together with the frontal topography and structure. 
Finally, in the matter of tools, reference should be made to 
the systematic inclusion of observations of wind in vertical sound¬ 
ings. Here Great Britain may fairly claim to have been one of 
the leaders, having now for several years obtained regular obser¬ 
vations of wind, independent of weather, by radio methods whose 
accuracy has steadily increased. Such observations are a vital 
part of the information on which analysis in the chosen levels is 
based, and as deeper insight into weather processes is gained these 
observations are likely to prove of increased usefulness. 

The variation of pressure in time at any point in the atmosphere 
is readily derived, in terms of the fields of density and of the motion, 
from the concept of pressure as the weight of the superincumbent 
atmosphere and from the equation of continuity. Thus, with 
p = pressure, g = gravity, p = density, all at height z, and 
t = time 

p = ^ pgdz . . . . (1) 

and dp/dt = | dz. 

The equation of continuity is 

dp/dt + V.0>V) + «= 0 
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where V. is the horizontal divergence, V the horizontal wind 
velocity vector and w the vertical component of wind velocity. 
Substituting for dp/dt into the previous equation, 


dp/dt = ~ I .{pV)dz 4- 


gpw 


• ( 2 ) 


since gpw is zero at the upper limit of the integral (outer limit of 
atmosphere). This is the fundamental “ pressure tendency ” 
equation, expressing the tendency as the sum of the integrated 
mass-convergence above the reference level and the flow of weight 
upwards per unit area through the reference level. 

James {Qitar. Jour. Roy. Met. jS'oc., 71, 74, 1945) and later 
Petterssen {ibid., 71, 66, 1945) have given an interesting new form 
of the tendency equation. The first term on the right of (2) may 

be written — V.j" gpV dz which, substituting — dp for gp dz from 

(1), transforms to V-f V dp or — V.(pV) where W is the isobaric 

mean wind velocity (mean with respect to pressure) from the 
reference level to the upper limit of the atmosphere (p — 0). . So (2) 
may be written , 

dp/dt = —V.{p'V) .+gpu} . . . , ,(3) 

At the earth’s level surface (« ==* 0) where p =po, and w =s o, 
(3) becomes 

: > ‘ ^ - V.(p.?) ‘ 

or" ' , ' 

3j)o/9« = - - V.Vpo . . . (4) 

Thus the pressure tendency at the surface is compounded of (a) the 
surface pressure times the convergence erf the isobaric mean wind 
of the whole atmosphere above and (6) the component of the 
isobaric mean wind normal to the surface isobar times the gradient 
of surface pressure. . ^ 

Take a; point in the level z == 0 at which the second of these 
terms is zero, e.gi at a centre of pressure (Vpo = 0) or where the 
isobaric mean wind velocity is along the surface isobars. If, there, 
Po = 1000 mb. and dpJU = 1 mb./3 hr., equation (4) gives 
y.’? =? 1 cm./sec. 100 km. only! Such accuracy in the measure¬ 
ment of the horizontal gradient of velocity is quite unattainable 
so that we cannot hope to derive the 'tendency arising from diver¬ 
gence firom a direct measurement of the nmtion. Th^ result is ;of 
long standing, having first been demonstrated by Margules at the 
begmnitg tef the century. Tt is reintroduced here for another 
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purpose, namely as a warning against making non-uniform approxi¬ 
mations to the properties of a field of flow when investigating the 
changes in pressure associated with it. 

H. JeflEreys (Phil, Mag,, 37, 1, 1919) in a famous theorem 
inferred that no changes in surface pressure were possible in a 
field of geostrophic motion—^unaccelerated horizontal great-circle 
motion at right-angles to the pressure gradient. R. C. Sutcliffe, 
in two papers (Quar, Jour, Boy, Met, 8oc,, 64, 495, 1938, and 65, 
518, 1939), has made considerable play upon this theorem, inferring 
that the horizontal mass divergence and the consequent changes 
of surface pressure arise solely from the field of acceleration, or 
from the field of departure of the wind from the geostrophic 
geostrophic departure to which the acceleration may be 
readily related. 

But in deriving his theorem Jeffreys neglected the variation of 
the Coriolis acceleration in the horizontal, and such neglect requires 
justification which has not been forthcoming. Indeed, there is 
little doubt that geostrophic motion directed along the meridian is 
associated with mass divergence of appreciable amount, appreciable, 
that is, in its effect on the pressure tendency- This conclusion needs 
qualification in one important respect; a rectangular co-ordinate 
system, to which motion over the earth is normally referred and 
which Jeffreys and others have used in discussing the field of 
divergence, may lead to false results as soon as one moves away 
from the origin of co-ordinates unless one is very careful to bear 
in mind the significance of the terms m the equations away from 
the origin. Moreover, quantities which may be readily defined 
and measured at the origin are not so readily interpreted and 
measured at a distance. It seems desirable therefore to re-examine 
the motion of the air in terms of spherical polar co-ordinates in 
which the component velocities and accelerations have a clear 
significance at any point in the co-ordinate space, direct measure¬ 
ment of many of the quantities being also possible under these 
conditions. 

In spite of the approximation involved in Sutcliffe’s basic 
assumption his papers referred to above are valuable in indicating 
the likely nature of the motion of the air which will result in the 
development of pressure inequalities. In his first paper he con¬ 
siders, term by term, the components into which the horizontal 
acceleration of a particle of air may be resolved, and deduces the 
corresponding components of the geostrophic departures* namdy 
(i) the isallobaric ^ wind, (-r~ 1/Z^p) V(3jp/30 (where 1 is the Ooriolis 

^ An isallobar is a line in a horizontal plane alon^ the pressure- 

tendency is constant. 
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parameter 2<o sin with m the angular velocity of rotation of the 

earth and <;i the latitude), blowing down the isallobaric gradient 

to the point of maximum negative pressure tendency, and first 

demonstrated by Brunt and Douglas in 1929, (ii) a wind of speed 

I 9V^ . ■ ♦ . 

97 right-angles to, and. to the left of the streamline is^ for V 


increasing alongs, and to the right for V decreasing along s, i,e. in 
quasi^geostrophio .flow, motion down the pressure gradient with 
converging. isobars and up the gradient with divei'ging isobars, 
(iii) a cyclostrophic component of wind V^/R„ where is the 
horizontal radius of curvature of the streamline, in the direction 
of the motion for anticyclonic curvature and opposed to the motion 
for cyclonic curvature, and (iv)awind (w/l) 9V/02!v arising from the 

vertical component of motion, and given approximately by — 


where T is the temperature, i.c. a wind blowing from regions of 
high teinperatvire to low temperature with ascending motion, and 
conversely. . . ^ 

; :That the isallobarie wind may be of appreciable magnitude is 
how well established ; the movement of fronts under certain con¬ 
ditions can only be explained by invoking its aid. Sutcliffe sug¬ 
gests: that the other components may be of equal importance as 
hiayi indeed, be readily demonstrated by appeal to particular 
situations. . The difficulty, however, with SutcKfife’s treatment is 
to relate'the rather mathemalacal mature of the components to 
physically distinct processes. ; But Sutcliffe d<»s claim physical 
realit 5 ^ fot the. effect of; the vertical derivative ((iv) above), and, 
hxoreover, he links .ttie geostrophio departure arising from vertical 
motion 'in a rather happy but very qualitative way with the occlusion 
of warniiair Kin a deepening extra-tropical depression. 

: !ln'Sutcliffe’s second paper referred to above, associated fields 
of a-geostrophio convergence in the lower atmosphere and of over- 
compentoting divergence in the upper: troposphere are taken as 
necessary for the production of low pressure at the ■ surface. 
Bevelophient is then related in. a'. qualitative way with the vector 
changO of aurffiee wind in the- 'direotion of the thermal wind-above 
(more ©^ahtfy; in the direction (the vertical shear vector) and 
a number ,lof slypical situations gi^^g rise to development are con¬ 
sidered;'' iThemaveaisal; of the thermal gradient in the stratosphere 
compared with', that; in..the feoposphere and the corresppnffing 
reversal of the thermaV wind hi ; the stratosphere suggests that 
’^VMgence ih the, up;^r troposphere is associated vdth convergence 
; 4^.;;tbqw str^^ fpr : the relafsively : high 
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ozone concentrations observed above depressions. Corresponding 
conclusions are arrived at in regard to anticyclonic development 
for which-it is taken as a necessary condition that a-geostrophic 
divergence iii the lotver atmosplhere must be associated with over- 
compensating convergence in the upper troposphere. 

Philipps {Met. Zeit.j S6, 460-83,' 1939) has considered the con¬ 
stitution of the geostrophic departure in considerable detail, and 
has obtained, m^re or less useful forms according to the form of 
the pressure field and . the nature of the temporal changes in the 
field. But he also is unable to associate the geostrophic departure 
with any clear physical; process ■ while the^ methods adopted in 
deriving a useful form for the geostrophic departure are far . more 
complex than Sutcliffe’s yet lead to an identical result. Philipps, 
however, goes on to investigate changes in the pressure field arising 
from a-geostrophic divergence. Now in such an investigation all 
that one should rightly assume is a given initial field of pressure 
and of temperature, corresponding say to mean conditions over 
a particular part, of the globe; and hence determine the changes 
in space and time resulting from a given likely initial disturbance. 
Philipps, however, makes much wider assumptions so: that it is 
difficult to say Whether he has done much more than show the 
necessary association between surface and upper-air pressure ^fields 
for a given' surface pressure field and given distribution of tem^ 
porature. The association which he does estabhsh is certamly in 
line with Observation. He also' deduces the sphtialidistribution Of 
vertical velocity during thO period of .growth of associated^ depre^r 
sions and anticyclones at the surface and agaiii his results appear 
very reasonable. .. . - ‘ | - 

> Reverting to equation (4) Petterssen {loc. cit.) has shoym how 
the: contribution to the pressure tendency arising from the com¬ 
ponent of mean flow across; the surface isobar (the second term 
on the right ofi(4)) may^be readily evaluated from routine upper- 
air data. This contribution to the pressure tendency he calls the 
transport term and while it is usnaJly important addtices* evidence 

thatithe contribution of the first tern oh the right of (4)^the 
divergence term-^is usually of equal impoxtance.i Indeed, at the 
centre of a system of closed isobars the divergence term contribute 
the whole of the tendencfs^, :fcwi^ at that pomt 6 is izero. Probably 
the chief significance of equ^ (4) ds that byrmeans^^^ o^^ 
of routine, upperrair data, it will be possible to deduce/the^ dis¬ 
tribution of integrated divergence throughout the areai ctfi^aJys^^ 
When such computations haveibeen haadfe for rept^^^ldive^ 
of weather situations our understanding of the 
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with the growth of pressure inequalities shoqid be much enhanced, 
and this appears to the writer to be one of the most promising 
features of the current study of the genesis of pressure inequalities. 

James’ and Petterssen’s studies have had another useful result; 
they have, for the first time, given an adequate formal background 
to the rather loosely used term “thermal steering,” by which is 
imderstood the observed tendency for pressure patterns at the 
surface to move in the direction of and at a speed determined by 
the thermal wind aloft. The basis of this idea is maxdfest in 
equation (4), mainly in the transport term, for the isobaric mean 
wind is largely dependent on the thermal field, particularly, as 
Petterssen has emphasised, on the thermal field in the lower tropo¬ 
sphere. The maximum contribution of the transport term to the 
pressure tendency at the surface is mainly where there is a maximum 
oross-isobario flow of the isobaric mean wind, numerical variations 
in pressure gradient being of minor account. An effect of the thermal 
fiold on the divergence term is also bound to be present though 
how it will: be distributed is not clear without further investiga¬ 
tion. 

The last contribution to the subject of pressure change with 
which we shall deal in this article is that of J. Bjerknes and 
J. Holmboe (Jcmr, of Met., 1, 1 , 1944 ), with which the new journal 
of the American Meteorological Society was auspiciously launched. 
The theory given in this paper/ ah elaboration of earlier work by 
Bjerknes published in Met. Zeit, 54, 462 , 1937 , and Qiuir. Jour. 
Boy. Met. Soo., 66 , (Supplement), 67 , 1940 , is an attempt to derive 
in qualitative form the changes inpressufe resulting from an inoipieht 
wave produced by the intrusion of a tongue of warm air in a broad 
westerly current in which the temperature in isobaric surfaces in 
the troposphere decreases towards the pole* The authors assume 
that the intrusion of the warin tongue is associated with vertical 
motion, upward on the east side of the tongue, downward on the 
wests These initial conditions result in or are associated with the 
formation of an upper wedge of pressure in the region of rising 
air and;an upper trough in the regionof descending air. Further, 
the wave-shaped isobaric pattern which is formed aloft is shown 
to distort the initially straight isotherms running west-east into 
a, wave^shaped form out of phase with the pressure wave, the crest 
of the pressure wedge being east of the crest of the. thermal wedgOi 
At any pressure level: 3p/3j! oe l/T and so the consequence of this 
pha^^-shift is t&at the wedge and trough lines are displaced west¬ 
wards with inoreash^ height, a feature fundamental to further 
‘.^yelopment.: ■ v:;,-, 
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But before considering the development which is likely to 
result, it is necessary to determine the pattern of mass divergence 
and convergence associated with a wave-shaped isobaric pattern. 
The authors investigate this pattern in semi-quantitative fashion. 
They show that if the motion is quasi-gradient divergence will 
occur from trough to wedge and convergence from wedge to trough, 
following the wind, provided that the speed of the wind relative 
to the pressure pattern exceeds a critical magnitude determined 
by the wave-length, amplitude and mean latitude of the isobaric 
wave, to each of which the critical value is roughly proportipnah 
Now in the basic flow pattern considered the wind increases with 
height up to the tropopause and thereafter decreases with the 
reversal of the thermal gradient in the stratosphere. There will 
therefore be a class of wave disturbances for which the relative 
wind exceeds the critical value over a major part of the troposphere 
though there may be a sub-critical relative velocity through a layer 
of the lower atmosphere and again in the stratosphere ; indeed, 
these latter regions must exist unless the wind near the surface 
“ blows through the surface pressure pattern with considerable 
speed. In the layers of sub-critical relative speed the above- 
mentioned distribution of mass divergence and convergence is 
reversed, levels of non-divergence appearing at the boundaries of 
these layers with the intermediate layer. 

Reverting now , to the westward-sloping wedge and trough lines 
which we found to result from the initial disturbance, it is readily 
seen that, above the level of non-diverging flow, there is divergence 
above and to the east of the trough line at any level and conver¬ 
gence above and to the east of the wedge line at the same level. 
(We may neglect the effect of the stratosphere in th,e first approxi¬ 
mation since relatively little mass is involved in those levels,) 
Hence, if the lower level of non-divergence is sufficiently low, that 
isj if the wave-length and other parameters of the initial disturb¬ 
ance are jointly less than the critical, the disturbance will intensify 
and move eastward. Such instability is obviously increased by 
a rapid increase of wind with height. This is the most valuable 
and convincing part of the Bjerknes-Holmboe theory. It is valid 
not merely for a broad westerly current with the temperature 
gradient directed towards north—^the conditions under which pxtra- 
tropical depression often form and grow-—but for any flow with 
low temperature to the left (right in the southern hemisphere) of 
the direction of flow, and the authors suggest as a .cpn^qi^ence 
the conditions suitable for the development of tropical: storms. 

The theory is not, howev^, able to account for the develop- 



SOIENOE PROGRESS 


578 

ment of a closed isobaric pattern at the surface. This later stage 
in the development of a pressure disturbance, in which a wave¬ 
shaped isobario pattern lies above a closed pattern on the surface, 
with, for example, an upper air trough to the west of a centre of 
low pressure, is taken from observation. The authors show that 
in the levels of closed isobars convergence is the most likely con¬ 
dition on the eastern side of a cyclone and divergence on the 
western side so that the existence of closed isobars tends to act 
as a brake on the intensification and eastward motion produced 
by a system of upper trough and wedge with axes inclined to the 
west. As the closed isobaric pattern extends upwards, that is, as a 
cyclone from observation becomes old and deep, the integrated diver¬ 
gence (positive or negative) through the layer of closed isobars may be 
sufficient to overweigh the divergence (negative or positive) in the upper 
levels of open isobars and the system may become retrogressive. 

The authors’ treatment is non-frontal except for the initial 
disturbance, but the modifications imposed by fronts is not expected 
to upset the major patterns disclosed by the present work. This 
simplification apart, it is clear that the treatment forms only the 
first draft of a complete theory of the development and later decay 
of pressure systems. The inter-relations between the growth of 
a pressure pattern, the modification of the thermal field and the 
speed and direction of motion of the pressure pattern are so complex 
that orily a broad qualitative treatment of the earliest stages of 
the process is so far possible. The production of a system of 
closed isobars and the corresponding eviction or accumulation of 
air represented by tWt pattern remain to be explained, oven quali¬ 
tatively; Further, vertical motion, which is likely to be of funda¬ 
mental importance at all stages of the process, is only directly 
invoked for its indeption. But the theory is nevertheless considered 
to be of oiitstandmg interest and importance and is likely to be 
fruitful for further advance, particularly as the physical processes 
invelved are not hidden beneath a mass of equations. 

To iuminarise the researches reviewed in this article, we note 
fiimt daines’ and Petterssen’s happy modification of the pressurer 
tendency equation with the introduction of the valuable concept of 
mass flow represented by the isobaric mean wind velocity, and an 
e:^lanation of tlie concept of thermal-steering. The use of their 
equation,' in conjunction with the observable quantities contained 
in it, to determine the otherwise unobservable divergence of the 
mean wind should ultimately add much to our knowledge of the 
features of the flb# responsible for pressure variation. Sutcliffe’s 
on the a-geostrophic components nf flow an4 their relation 
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to the shear of the upper wind across the lower in producing fields 
of divergence and convergence has probably been salutary, even 
though it is somewhat approximate and has not yet led to any 
clearly defined line of development. Bjerknes’ and Holmboe’s 
important contribution to the problem is in showing how an initial 
distribution of vertical motion in a given field of flow and of tem¬ 
perature leads to the development of a pressure wave aloft which, 
for appropriate wave-length or other parameter values, is unstable, 
extending its influence to the surface, intensifying and moving 
eastward. In these researches the approach has been whoUy 
dynamical and one wonders whether complete success is attainable 
on these lines alone. A thermodynamical approach particularly 
in regard to heat realised by condensation may perhaps need to 
be interwoven with the dynamical before we gain a much-improved 
insight into the causes of the net transfer of mass from one part 
of the atmosphere to another which is what atmospheric pressure 
variations signify. 


GENERAL AND ORGANIC CHEMISTRY. By O. L. Brady, D.Se., 
F.R.I.C., University College, London. 


Synthesis of Quinine. —^Ninety years ago a youth working in 
A, W. Hofmann’s laboratory at the Eoyal College of Chemistry, 
London, attempted to synthesise quinine by oxidising allyltoluidine 
in accordance with the equation. 

2 C 1 QH 13 N 30 = C2oB- 24N202 “f" II 2 O. 


At that time the structural formulae of few organic compounds 
were Imown and, although this first attempt at the syntheisis of 
quinine was inevitably a failure, it led its enthusiastic protagonist, 
W. H. Perkin, later Sir William Perkin, to the discovery of mauve, 
the first aniline dye, and to the foundation of the aniline dye industry 
at Greenford, Middlesex. Another fifty years passed before the 
structure of quinine was established, mainly by the work of Konigs, 
Rabe and their collaborators but, despite the commercial importance 
of this alkaloid in connection with the treatment of malaria, its 
complete synthesis has only recently been achieved by Woodward 
and Doering (J. Amer. Ohem, 8oc,^ 1942, 64, 2588) by the following'- 
series of reactions: 



7-hydroxy-iso- 
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CH.0 + /\/\ 
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S-piperidinomethyl- 8-methyl-7- 
7-hydr6xyisoquindline hydroxyisoquindine 



580 


SCIENCE PEQGRBSS 


HjC 
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CHg . CH2 . 

/ \ 


CH 
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oxidation 


H 


idH, 


CHj CHj 
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'^CH,'^ 


CO 


'^CHdH, 


N-acetyl-8-methyl-7- 

ketodecahydroisoquinoline 


CH 

s y 

y Hj CHCi ..3 

N-aoetyl-8-methyl-7- 
hydroxydeoahydroisoquinoline 

The cis form of this ketone was isolated in the form of its mono¬ 
hydrate from the mixture of two stereoisomerides obtained corres¬ 
ponding to cis and trans fusion of the rings, and on treatment with 
ethyl nitrite and sodium ethoxide gave 
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CH-.COaEt 
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CH; C(CH3):N0H . 
N-acetyl-lO-oximinodihydro- 
hombmeroquinene ethyl ester 
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H,C 
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CO.CH2.CH2 
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\ 

CH 

HjC'^ '^CH.CH:CHj 


HjC CHj 

Nth^ 

rf^qiiinotoxine or quinicine 


The dZ-quinotoxine was resolved through its salt with dibenzoyl- 
d-tartaric acid. 

Quminic acid can be synthesised from j?-methoxyanilme by 
condensing with ethylagetoacetate to give 
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COOH 


N 

qiiininic acid 


6-methoxyl-4-styryl- 
quinoline 

Quinotoxine or quinicine has been converted to quinine by 
Rabe (JSer., 1918, 51, 466) as follows ; 
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The stages subsequent to the synthesis of cZZ-homomero-quinene 
were based on the work of Rabe, who had previously synthesised 
dihydroquinine, a compound in which the vinyl group in quinine 
is replaced by the ethyl group (JSen, 1918, 51, 1360 ; 1919, 52, 
1842). The present workers have at last overcome the final difficulty 
in introducing the vinyl group. 

The Mechanism oe Stjbstitittion at a Satitiiatei) Carbon 
Atom. —^There still remains much to be discovered about the simplest 
organic reactions, even the substitution which is represented to the 
beginner in the form CHgl + KOH = CHaOH + KI- Reactions 
of this type have been classified and discussed by Hughes {Trans. 
Faraday Soc., 1941, 37, 603) and may be generalised in the form 
Y + R—X —> Y—R + X, the example above being more correctly 
written 

OH + CH 3 ICH 3 OH + I 

The first consideration in the study of the mechanism .of the 
reaction is the nature of the bond fission of R—X, it may be homo- 
lytic, where one of the pair of electrons constituting the bond goes 
with each fragment R^X—>*Rx + or heterolytic', where the 
pair of electrons remains associated with one of the fragments 
R^X —> R xX. Simple substitution involving homolytic fission 
is usual for gas phase reactions and involves either an atomic substi¬ 
tuting agent or a molecular one containing an odd electron such as 
nitrogen dioxide. 

Yx + R^jxX Y^R + xX, e.g. H -f H—H H—H + H 

In the past, substitution by this type of reaction has not often 
been met with but is now assuming great technical importance as 
the vapour phase nitration or halogenation of paraffins proceeds 
by this mechanism. 

The usual mechanism in solution is that involving heterolytic 
fission and attack by ionic or ionogenic substituting agents, and 
here there are two types of substitution, nucleophilic 

+ B>\^X -> Y^R + JX, e.g. I + R—Cl IR + Cl 

or electrophilic 

Y + R5|X-». Y^R +.X, e.g. D + R—DR + H ; ^ , 

of which the nucleophilic are the most common. ; ' - 

Nucleophilic substitutions are further subj'ecJt to variSIsioii 
accordit^ as Y initially is lieutra,! qt negative and' S neutral oj* 
positive,' v"' 
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(а) Y negative X neutral 

(б) Y neutral X neutral 


0 e 

HO -f RCl HOE -I Cl 
© 0 

RoN -f RCl RgNR ^ Cl 


H 3 N 4" RCl —H 3 NR 4" C] 


. HjNH 


HjO RCl ^ HaOR 4- Cl 


. © 

(c) Y negative X positive HO 




(d) Y neutral X positive R 3 N 4- RSR 2 —>• R 3 NR 4- 

One mechanism which has been applied to these heterolytic 
substitutions in solution is a synchronous bond-forming and bond- 
breaking reaction; for example, as the chlorine moves away from 
the carbon with its pair of electrons so the substituting hydroxyl 
ion moves in, and only when the carbon has completely lost interest 
in the pair of electrons of the departing chlorine does it acquire a 
full share of the pair of electrons of the entering hydroxyl group. 



U-.H03I 


T)be middle transitional state, is represented 

B&r . . . R . . .'cA" 


This is teimed the “ bimolecular ” nucleophilic substitution reaction 
and designated Sii2. 

' Such a represfflutation of substitution carries with it the impli¬ 
cation that the entering substituent approaches the molecule from 
the opposite side to the outgoing one and provides an appropriate 
picture of the mechanism of the Walden Inversion^ 



The e:sperimental study of the kinetics of nucleophilic substi¬ 
tutions has sho^, hoVever, that the 8^2 mechanism is not of itself 
a sufficient ex^danation of the behaviour of, for example, alkyl 
hahdes on hydrolysis. In the hydrolysis. of mothyl halides the 
|imfti«8 ate of the sepcnd order, corresponding to the “ bimoleoular ” 
mechanism Sjf2 but with tertiary butyl halides the kinetios, are of 
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the first order and independent of the concentration of the hydroxyl 
ion. With ethyl and isopropyl halides the kinetic study indicates 
a combination of first and second order reactions. In order to 
explain this, as well as observed solvent effects, it is suggested that 
there is a second mechanism proceeding in two stages, a slow 
ionisation in which the substituting agent does not take part, suc¬ 
ceeded by a rapid reaction between- the first formed carboniura 
ion and the substituting agent. 

slow ® © © © rapid 

RjJX-:—►R.+ xX .. Yj^+B -^-BY:. 

slow © , 0 , ; , , . 0, : ©, rapid , 

or RCl--> R + Cl OH > R —^ ROH 

The rate ;Controiiling ionisation, is slow because it has to , pass 
over an energy majdmum which oopurs ^t a certain critical exten¬ 
sion pf the bond and a certain critical degree of charge transfer, 
'[phis mechanism is termed “ unimolecular "because in the ionjsatipiij 
the rate-determining change, only ; one ipplecule is undergoing 
oovalency change and is designated S^lf.and its kinetics will accord¬ 
ingly,be pf the first order. . 

The Mechanism of. Elimination , Rbapt,ions.—I n the same 
journal (p! 667) Ilughes and Ingolh discuss the mechailisiifi of elimi¬ 
nation reaotimis and show th^f here tpo there is a similar djiality. 
In the “ bimolebular ’’ mechanism ,(Ej) abase. i.e. a proton acceptor, 
extracts a proton whilst an electron attracting group simultaneously 
separates. ■ , < 

i X ~r ^ ^x-*^ f“ X^'^2X'^^2X-^-“T X*^ 

^■' .i—^ cb.^’jcr, 

X may be; for example; NRs, SRj; SOiR. Halogen,and Y maybe, 

for example, OHjj NMe,, OAc, OH, CiEt, and the following reactions 
are, typical, , ^ 

: .NMej,,+,CJH3Ar.0E[siNM6,..r^-HNMes: + 'GHAriCHs,+ISMej 
OH A CH,.CHifsMej--> OHa-f OHjiCHi + SM^ 

" ' f'CHaAr.OHa'Br'-yHOEtV.'c:^^ Br'''' ' 

In certain circmiis.tances, however, a. uifimolecidar’’ (Ej 

mechanism is the cOhtrph^S %*<^*^*^ in, which, there is a ,^pjp!' 

ionisation followed by a rapid loss of proton from the carboniujp ip^, 

' ■ ' • : ■ ■' ■HjJCB45CRjjiX--^^'’H-!jOBa^CBj’''-4^'5^^ 

© ' fast ’ ‘ y\‘ 

^ HjjCB»j^CB,,^^T^,CR4^9Ba.-h 
: The: type fof nieoharuhip ,dcppn^.,on thp .atruii^nr^ pf 
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pound ; the more R favours electron release from the carbon atom 
bearing X the more the ‘1 nnimolecular ” mechanism predominates, 
for example, the reactions 

CHj.CMejBr H + CHjiCMe, + Br 

0 0 

CH,.CMe,SMe, —► H + CH,:CMe, + SMe, 
proceed md.inly by this mechanism. 

BIOCHEMISTRY. By W. O. Kbbmack, D.Sc., LL.D., F.R.S., Royal 

College of Physicians’ Laboratory, Edinburgh. 

DtrniNG the past seven years, in spite of the war, research in 
biochemistry has continued on a surprisingly large scale and several 
advances of great importance fall to be recorded. Even in Great 
Britain, with all the strains of war, the material damage due to 
bombing, and the pressure on trained persormel, a considerable 
volume of research on the basic problems of biochemistry has con¬ 
tinued to be published, and many significant advances have been 
made. The Biochemical Journal, though naturally reduced in size, 
has continued to appear, and it is doubtful whether a visitor from 
another planet inspecting its pages would deduce that the researches 
reported and the actual printing and publication had proceeded in 
a beleaguered island fortress. The Annual Reviews of Biochemistry 
have continued to be published yearly iii America, and these sub¬ 
stantial volumes make it plain how bioohemieal knowledge has 
continued to expand even in the unfavourable circumstances of 
a world almost completely involved in total war. 

Amiong the highlights in the progress of biochemistry during 
these past seven years we may note the discovery of the structure 
of biotin, and the synthesis of this vitamin; the use of labelled 
nitrogen, carbon, oxygen, phosphorus and other elements to follow 
the course of metabolism ; and the discovery of the extraordinary 
lability of the constituents of body tissues as demonstrated by 
Schcenheimer and his colleagues ; the elucidation of the mechanism 
of thyroxih. synthesis ; the Efides-Woods theory of chemothera¬ 
peutic action ; the isolation of the penicillins and the elucidation 
of their struethres; the further investigations of the phosphate 
cycle in niusolei and bacteria, and the identification of the muscle 
protein, myc^, probably the eiizyme which catalyses the 
hydrolysis of adenosine-triphosphate and so liberates the chemical 
energy for muscle contraction. 

These are all large subjects and space allows us to treat only 
of them in tlus issue. The subject of the synthesis of thyroxin 
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has been chosen as it raises a number of points of general interest 
and the results may prove of practical clinical importance. 

Thyeoxiit—G enera? and Historical .—Thyroxin was first isolated 
firom animal thyroid by Kendall {J. Biol. Ohem., 1915, 19, 25) ; 
and its constitution was ascertained and its synthesis achieved by 
the work of Haringtott and Barger (Biochem. J., 1927, 21, 169). 
It proved to be an amino acid of structure I (R=R'=I), 


R' 
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NH, 


^--ch2.ch.ooqh 

I 
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R 
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I 

HO—CH2.CH.COOH 

I 

R 

n 


that is to say, it is a tetraiodothyronine {I, R=R'==H). Thyroxin 
is obviously a derivative of tyrosine (II, R=H) in the formal 
chemical sense, and it is natural to assume that in its synthesis 
in the aiumal body the starting material is tyrosine. Actually the 
only other iodine-containing organic compound' so far found in 
nature is 3:5-di-iodotyrosine (II, R=I) which has been isolated 
from certain corals and sponges and is a^ociated with thyroxin in 
the thyroid gland. The suggestion was advanced by Harington 
and Barger that thyroxin is produced in vivo from di-iodotyrosine, 
in a reaction between two molecules of the latter in which one of 
the amino acid side chains is eliminated and the diphenylether 
linkage is formed. In recent years a number of papers have 
appeared which hav§ fully confirmed this hypothesis, and have 
shed much light on the details of the mechanism. 

It was Baumann {Z. Physiol. Chem., 1896, 22, 1) who first 
demonstrated, just about fifty years ago, that thyroid tissue was 
peculiar in being rich in iodine, and investigation showed that this 
element was contained in a globulin^like protein now usually called 
thyroglobulin. Which may, in fact, contain anything from 0 . to 
1 per cent. Of iodine, low values being associated with Citrous 
conditions arising from iodine deficiency. It was naturali' tlwin, 
that many attempts should be made to introduce iodine into com¬ 
mon proteins to produce, if possible, iodoproteins exhibilHng thyroid 
activity. The iodination of proteins such as casein is easy enough, 
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but all attempts to demonstrate tfUe thyroid activity were unsuc¬ 
cessful. At a relatively early date, Oswald {Z. Physiol. Ghem., 1910, 
70, 310) succeeded in isolating 3:5-di-iodotyrosine from iodinated 
proteins (albumin, gUadin and casein). An interesting short his¬ 
torical account of the earlier unsuccessful attempts to produce 
biologically active iodoproteins is given by Reineke and Turner 
{J. Clin: Endocriml., 1943, 3, 1). 

In spite of repe*|.ted failures to produce an artificially iodinated 
protein with true th 3 rroid activity, the quest was not abandoned, 
and positive results were claimed by Abelin in various papers 
between 1933 and 1939 {Arch. Exp. Path. Pharmacol., 1933, 171, 
433; 1934, 173, 146; 1934, 175, 151; 1936, 181, 260; 1938, 
189, 473). Although this result waa in harmony wi^h similar find¬ 
ings in America (Salter and Lerman, Endocrinology, 1936, 20, 801), 
it was regarded with some degree of scepticism, more particularly 
as Abelin was unable to isolate thyroxin from the hydrolysis pro¬ 
ducts of his iodinated protein. It seems probable, however, that 
Abelin’s Results gave the impetus to the experiments of Ludwig 
and von Mutzenbecher (1939) which were completely successful in 
their immediate purpose, and have led to a variety , of practical 
and theoretical results. 

■ The Experiments of Ludmg and von Mutzenbecher. —^Ludwig and 
voh Mutzenbecher (iZ; -P%sio?. <?Aew., 1939, 258, 169) treated casein 
(100 gi), dissblved in sodium bicarbonate solution, with iodine (10 g.) 
the temperathre beiiig 37°.;' It will be noticed that the temperature 
and mildly alkaline reaction are approximately physiological. The 
iodinated casein', which contained 6^8 per cent. iodinO and exhibited 
definite thyroid aotiiity, was submitted to alkaline hydrolysis with 
baryta, and thyroxih was separated fcom the hydrolysate by methods 
tdr^y well' explored in conneotionr with the isolation of thyroxin 
from thyro^obulin. It was purified through the insoluble potas¬ 
sium salt and its identity established: beyqpd doubt. Like tbs 
product isolated* from; thyroglobulin by alkaline hydrolysis, it was 
tacenaicji* and th;e yield from 100 •§. of: casein-was * 100 mg; 

Two explanations of these results have to be considered; The 
first hypothesis'is that casein and other proteins contain s hitherto 
itn^ecogh^' amino acid;, thyronine (I, R—R'.-=3=H), which ^ under¬ 
goes teteaiOdihatipa'. The second is that the thyroxin is formed 
from the didodot^irosine; knowh to be present in the iodinated prq- 
teim by some type of oxidative synthesis. * Iri a letter in NdMtre 
wMohappeared shortly after the publication of the paper by Ludwig 
ted yoniMuteenbeoh^j Harihgton and Ritt Bivem {Nature, 1939, 
$^451 ^206) stated that they -had oomidetely confirmed the * oli^ms of 
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the German workers, and went on to discuss the two hypotheses. 
Against the first is the well-known dilBculty of introducing four 
iodine atoms directly into thyronineonly the two hydrogen atoms 
adjd.cent to the hydroxyl are displaced and entry .into the positions 
adjacent to the ethereal oxygen is unlcnown. The second hypo¬ 
thesis appears the more plausible. The oxidative synthesis of 
thyroxin from two molecvdes of di-iodotyrosine was in fact the 
biochemical process originally envisaged by Harington and Barger, 
and it was on the basis of this pro,visional theory that they first 
assigned the positions of the iodine atoms in thyroxin, positions 
later confirmed by synthesis. This biochemical genesis of thyroxin 
had later been supported by two further facts. An extensive sejirch 
by Harington and Randall (BiocAem. J., 1929, 23, 373) led them 
to conclude that the iodine present in the thyroid, not present as 
thyroxin, was present as diriodotyrosine; no other iodine-contain¬ 
ing organic compound, such as, for example, di-iodoth 3 rronme (I, 
R=H, R' =I) could be detected. The second piece of confirmatory 
evidence was the demonstration that optically active th 3 rroxin 
isolated from thyroglobulin, after enzymatic hydrolysis, belonged 
to the 1-series (Harington and Salter, Biochem. J., 1930, 466) 

as do natural tyrosine and di-iodotyrosine. This observation, of 
course, in no way proves the hypothesis, but had natural thyroxin 
belonged to the d-series, the hypothesis would: have had to be 
discarded. . ; : ; 

Thus there was m 1939 a good deal of support for the view that 
in the thyroid gland two molecules of t 3 nosine were condensed 
together with the formation of one molecule of thyrosdn,, under 
conditions which involved the elimioation of a side-chain. The 
postulated reaction appeared of a somewhat strange t 3 rpe, but one 
could assume that it was promoted and guided by suitable 611 x 301168 
present in. the thyroid. It now, seems .from the new results on. the 
iodination; of casein and other proteins that this partiaular reaction 
pan proceed without any, help from enzsrmes, under .extiemely mild 
conditions: (pH about 8 ; temp. 37°) a]^ further that it can occur 
with di-iodot 3 rrositte still incorporated in protein molecules^ ,;, 

’ Much light was shed on the whole question by a second paper 
by von Mutzenbeoh^ :!whieh appeared later in ; 1939 :(:Z?, 

Chemxi .1939, 261> 263).i« Here he showed that, thyroi^in; isi f<^^ 
from di-iodotyrosine simply by-dissolvii^ the latter in'api.f 
lent of O'lN so^um hydroxide solution, and keeping^the, 

(pH 8-8) at 37° for lidays. Heoucpeedpd ip isoiatibg pu^ tl^^ 
in a yield of 0*24 ^r eettt, :(^ouJated: <Mi;the diribdotyposine; ;ein- 
ployed. That the pipoess.iavolv^ iS;an oxidatim ^ If i|di<»>tpd 
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by tbe fact that thyroxin formation does not occur in presence of 
sulphite. 

Recent Worh ori. Thyroxin Synthesis. —It may be stated at once 
that this direct synthesis of thyroxin from di-iodotyrosine has been 
amply confirmed by several workers in America (c/. Johnson and 
Tewkesbury, Proc. Nat. Acad. Sci.y 1942, 28, 73 ; Barkdoll and 
Ross, J. Amer. Chem. Soc., 1944, 66, 898), and by Harington 
and Pitt Rivers {Bioehem. J,, 1945, 39, 157) in this country. The 
latter have made a careful study of the effect of variation of the 
conditions on the yield of thjroxin and the amount of destruction 
of the di-iodotyrosine. 

In the series of experiments in which di-iodotyrosine dissolved 
in sodium hydroxide solution was allowed to stand for 14 days at 
38"^ and in which both the thyroxin formed and the di-iodotyrosine 
recoverable were determined, Harington and Pitt Rivers showed 
that the maximum yield, calculated on the di-iodotyrosine which 
disappeared, was obtained at pPL 10. As the reaction appeared to 
involve oxidation, ferricyanide was tried but was unsuccessful; its 
presence resulted in no thyroxin being formed. Hydrogen peroxide 
at 38° did not much alter the yield, but reduced the time required 
from days to hours. The best net yield (4 per cent, of the tyrosine 
which could not be recovered) was obtained by carrying out the 
reaction on the boiling water-bath, using a very large excess (25 
equivalents) of hydrogen peroxide, and having amyl alcohol con- 
siantly present. The object of this is to dissolve out the sodium 
salt of thyroxin immediately it is formed so as to protect it from 
destmctioh. 

The chemical processes involved in the production of thyroxin 
from di-iodotyrosine are discussed by Johnson and Tewkesbury 
{ioc. ciL). Harington (Pedler Lecture, J.C.S., 1944, 193) agrees in 
general mth their su^ested mechanism, but considers that the actual 
oxidising agent is probably free iodine rather than hypoiodite. 
Under conditions more alkaline than pPL 10, iodine tends to change 
into hypoiodite, and so Barington’s view explains why the yield 
decreases the jpH is increased above 10. 

SyrMeme of Thyroxin — in vivo .'^— We have now to consider the 
bearing of these results on the problem of the mechanism of the 
promotion of thyroxin" ^ Krst of all, a brief reference may 
be made to anther m^hod which has been applied in recent 
yeltrs to this question and has jdelded important results. This 
Consists in the emiioyment of radioactive iodine as a tracer sUb- 
Stoce* The ottlstanding 6f this work is the great power 

of ithj^id tissue to ccmdentrate ibdide within itself {of. Hertz, 
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Roberts, Evans, Proc, 8oc. Exp. Biol. Med., 1938, 38, 510). This 
holds both for the thyroid tissue in the intact animal and for sur¬ 
viving tissue slices in bicarbonate-Ringer. The experiments prove 
that within a few hours the inorganic iodide thus concentrated in 
the thyroid tissue is to a large extent found in the form of di-iodo- 
tyrosine, and to a considerably smaller extent as thyroxin, the 
amount of the latter fraction of tracer iodine tending to increase 
for several hours. The results with tissue slices are particularly 
instructive (Morton and Chaikoff, J. Biol. Chem., 1943, 147, 1). 
When the tissue is minced, the rate at which the iodine is con¬ 
verted into the organic form is reduced; when the tissue is homo¬ 
genised all the radio-iodine remains inorganic. Substances such as 
azides, hydrogen sulphide, hydrogen cyanide, and carbon monoxide 
which inactivate the cytochrome-oxidase system, hthibit the forma¬ 
tion of di-iodotyrosine and thyroxin, but not the uptake of iodide 
^by the tissue slices (Schachner, Franklin and Chaikoff, J. Biol. 
$Ghem., 1943, 151, 191), It is suggested that under the action of 
this oxidase system free iodine is liberated, and this would, in the 
mUdly alkaline conditions, first iodinate any tyrosine present, and 
then convert the latter into thyroxin. In accordance with this idea, 
reduction of the oxygen tension reduces the rate of incorporation 
of the radio-iodine into the organic molecules, but rather unex¬ 
pectedly, even at quite low tensions of oxygen, the rate was still 
considerable. A somewhat surprising finding in the surviving tissue 
experiments is that iodide itself, in quite small concentrations, in¬ 
hibits the reaction. Other inhibitors of the formation of di-iodo¬ 
tyrosine and thyroxin are compounds such as thiourea and thiouracil, 
which have recently been found to exert powerful physiological and 
therapeutic actions. Their effects on the intact animal appear to 
be readily interpretable in terms of the power of these compounds 
to inhibit the formation of thyroxin. 

As we have seen, there is good evidence for regarding free iodine 
as the agent which, in faintly alkabhe solution, is capable in vitro 
of producing thyroxin from ^-iodotyrosine. Under the same con^ 
ditions, of course, free iodine rapidly converts tyrosine into di-iodo- 
tyrosine. The simplest assumption, then, with regard to the rfile 
of the thjrroid in thyroxin fdliaation is that it is a tissue which 
(a) has the power to trap iodide in virtue of an oxidase system 
which converts it into free iodine, and (6) contains a siiitable supply 
of tyrosine, prestime-bly indorporated in protein. The work we hate 
been describing shows that xmder these conditions iodihatiioh of the 
tyrosine to di-iodotyrosine would proceed, and that the lattet would 
to some extent at least undergo oxidative coupling to thyroxin. 
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All this we faow could, occur without assistance from enzymes. 
This, of course, does not exclude the possibility that some enzyme 
niay be present which facilitates the conversion of di-iodotyrosine 
into thyroxin in the thyroid ; ; the point is thatj in theory at least, 
the enzyme could be dispensed with. Perhaps an important factor 
may be the protein in which , the tyrosine is contained. It has been 
observed that the yield of thyroxin from iodinated proteins does 
not depend merely on the t 3 n’osiae content but also on the nature 
of the protein; silk ,fibroin, for example, though rich in tyrosine 
yields no thyroxin on iodination. As tw;o molecules of di-iodo- 
tyrosine are necessarily required for one molecule of thyroxin, it 
may readily be believed that much will depend on the relative 
positions olthe tyrosine units in the whole protein. The assumed 
mechanism suggests that the hydroxy group of, one must be. able 
to approach the point of attachment of the side^chain of another. 
It is possible that in the course of evolution the thyroid has per^ 
fected the mmiufacture of a protein satisfying . this condition. 
Iodination would, then proceed in the way suggested and even in the 
absence of any specific enzym© the didodotyrosiue in this “ thyro- 
globulin ’’ would readily yield thyroxin: by a mechanism essentially 
the same as that .which operates m It would be interesting 

to know whether specially gpod^yields of thyroxin could be obtained 
by iodination of thyrqglobuhn ftom goitrous thyroids of low iodine 
content.-,:'^ „ ■. 

The general idea that the biogenesiiS of thyroxin is not necessarily 
dependent, on the* action of special i enzymes is supported by the 
proof: thut thyrpxm may body outside the thyroid 

(Morton,; Oha^off,; Reinhardt^ and: ionderson, J, Biol, Chem., 1943, 
147, 757). ) ,-;Pradioriodine was administered to rats from which the 
thyroids had been completely extirpated^.; After several hours the 
rats were killed and the livers and intestines; analysed. To the 
frae^ops which ought to contain the di-iodotyrosine and thryoxin, 
auth^tio n<>E-radioaotive,<H-iodQtyrosme;ahd fhryp^ were added, 
On repeated recrystallisafcion, these cpmpbwds showed a persistent 
and w^tant ra^fipaptiyity, which aft This 

showed thaferacKoactiye isotopic ppipppunds :were and these 

must haye tee annn^Vtis^ from the adininistered 

radip-iodftp^n agreed. tee possibility of tee direct 

exchange! oft fw ordinary/, iodine: in thyroxin or 

di-ipdoiyroszne mader te the. expeifrnent can be 

ez^eluded ;; been synthesised in tis- 

is^ other/than thoughv the capacity. of these 

r/ no 4pubf resnft is of much 
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interest and considerable significance from the point of view of the 
evolution of the thyroid and of thyroxin as an animal hormone. 

Evolution of Thyroxin as a Hormone. —^Means {Ann. Int. Med,, 
1943, 19, 667) discusses this problem as well as other questions 
connected with thyroid function. Iodine is present in sea water, 
and in primitive sea organisms, in presence of oxygen and oxidase 
systems iodine would be liberated locally. Our present knowledge 
suggests that di-iodotyrosine and in smaller amounts thyroxin would 
then inevitably be formed from the tyrosine present in the organic 
materials. One inust assume that it happened that some obscure 
property of thyroxin resulted in its being able to stimulate the 
growth of the primitive organism, and so gave the thyroxin-con¬ 
taining organism an advantage over its neighbours. No doubt the 
process of natural selection would then induce a modification of 
the tissues of the organism rendering them more and more sensitive 
to the action of the compound, and at the same time would tend 
to provide for the more efSicient production of the compound itself, 
by developing in one particular tissue the power to concentrate 
inorganic iodine. Thyroxin production might also be locally facili¬ 
tated by the development of a special protein with the tyrosine 
units in good positions for the final oxidative coupling. In this 
way, the thyroid, with its typical iodoprotein, thyroglobulin, may 
have evolved from thyroxin, formed by chance in primitive aquatic 
organisms within which the conditions were analogous to those 
obtaining in the laboratory experiments of Ludwig and von 
Mutzenbecher. 

Possible Practical Applications, —few words may be added 
with reference to recent developments which seem to have promise 
of important practical results and therapeutic application. Von 
Mutzenbecher {loc. cit.) reported that his iodocasein increased in 
thyroxih content if further incubated in bicarbonate solution at 
38*^, and that other iodocasein prepared by iodination in ammonia 
solution at a low temperature, from which no thyroxin could be 
isolated, developed activity and yielded thyroxin if similarly incu¬ 
bated. Reineke and his colleagues (Reineke and Turner, J. Biol. 
Ohem., 1943,149, 555, 563 ; Reineke, Williamson and Turner, ibid.^ 
1943, 147, 116) have developed this line a stage further and have 
succeeded in preparing iodoproteins with several times the activity 
of dry thyroid powder. The highly active iodocaseins were obtained 
by treating casein, dissolved in sodium bicarbonate solution, at 
38-40° with sufficient iodine (about 17^6 g. per 100 g. casein) to 
ehsure that the tyrosine m the c^ein takes up just two atoms of 
iodine per molecule. The addition of iodine, wMch took about 

aQ 



SCIENCE PKOGRESS 


594 

4.hours, was followed by incubation at 70° for 20 hours. The pro¬ 
duct, which contained about 7-6 per cent, of iodine, had about three 
times the activity of dried thyroid gland when tested on guinea-pigs, 
and 8-6 times when tested on' tadpoles. 

In a recent paper, Reineke and Turner (J. Biol. Ohem., 1946, 
161, 613) show that two other factors have a favourable influence 
on the yield, viz. the presence of certain salts or oxides of man¬ 
ganese, and vigorous agitation of the casein solution during incuba¬ 
tion at 70°. This agitation presumably promotes the access of 
atmospheric oxygen and both it and the manganese apparently 
facilitate the oxidative coupling of the di-iodotyrosine to thyroxin. 

Reineke, Turner, Kohler and Beezly {J. Biol. Ohem.j 1945,161, 
699) have determined the thyroxin in their iodinated casein both 
chemically and biologically by its action on guinea-pigs. Eairly 
concordant results are obtained,, and they conclude that some of 
their preparations contain over 3 g. of thyroxin per 100 g. Of 
course, only a relatively small proportion of this, perhaps 400 mg., 
can actually be isolated as pure crystalline thyroxin. It would 
seem that these iodinated casein preparations are about four times 
as active and contain about four times as much thyroxin as the 
ordinary commerci&l dried thyroids. 

The thyroxin appears definitely to be present in peptide com¬ 
bination and to exist as the natural i-rthjnroxin, though of course 
it is the less active dZ4h3rroxin that is isolated ftom it after alkaline 
hydrolysis. About three-quarters of the iodine is present as non- 
thyroxin iodine. Presumably it is present as di-iodotyrosine. This 
large amount, of didodotyrosine may be cormected with the sur¬ 
prisingly high biological activity of the iodocasein when tested on 
tadpoles .t the modem view seems to be that iodotyrosine is inactive 
in the test, but it is just possible that iodotyrosine in suitable pro¬ 
tein combination might form some thyroxin in the tadpole’s body. 
The pharmacological properties of these highly potent iodinated 
proteins are said to be qualitatively the same as those of thyroid 
powder, and it seems quite possible that such products, which 
should be cheap and readily prepared commetdally in large batches 
of a uniform quality, may V come into therapeutic use on a con¬ 
siderable scale. ; ; . 

(The following-review articles give further information on various 
aspects of the ; subjed ^ Harington, Pedler Lecture, J.C'.df., 1944, 
193 ; Hhrington, Ilroonian Lecture, Proc. Boy. Soc.^ lQiiy B 132, 
223 ; Means, ■Ari'ii.r Int. - Msd., :1943i 19., 667 ; Young, 149*%. Mep. 
Gfeem. jSfoc., l944,/:4i, 240-; Salter, Physwl. B&o., 1940, 20, 
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GEOLOGY. By G. W. Tybrell, A.R.C.Sc., D.Sc., F.R.S.E., The 

University, Glasgow. 

Petbogbaphy of Igneous Rocks. —In resuming these Advances 
after an interval of six years it is dijSficult to know where to begin. 
The World War has slowed down scientific publication everywhere, 
but unequally. Nevertheless, a large number of geological publi¬ 
cations has accumulated, especially from the United States and 
the British Dominions, in which the paper situation has been easier 
than in this country. What is astonishing, however, is the flood 
of new geological works, excellently printed and illustrated on 
good paper, which have arrived from some of the occupied countries 
of Europe, many of which were published during the Nazi occupa¬ 
tion. 

With the plethora of new material one can only select items 
here and there to illustrate the general trend of geological and 
petrological thought during the last six years. It is hopeless to 
try to cover the immense field at all adequately. 

I cannot do more than mention two magnificent petrological 
memoirs, both published ha 1939, and both worthy of extended 
review : namely, L. R. Wager and W. A. Deer, “ Geological Investi¬ 
gations in East Greenland, Part III. The Petrology of the Skaer- 
gaard Intrusion, Kangerdlugssuaq, East Greenland ’• {MeM. om 
Qrdnland, 105, No. 4, 1939, 352 pp., 68 figs., 27 pis.); A. F. Bud- 
dington, ‘‘ Adirondack Igneous Rocks and their Metamorphism ’’ 
(Geol. Soc, Amer., Mem. 7, 1939, 354 pp., 30 figs., 21 pis.). 

S. J. Shand has brought together the scattered data regarding 
the ‘‘ Loch Borolan Laccolith, North-west Scotland ” {Joum. Oeoh, 
XLVII, 1939, 208-420), and has welded it into a connected account. 
The mass has the form of a laccolith which appears to rest on a 
floor of limestone. The rock-types near the base have developed 
melanite, diopside, and nepheline, and the variety called borolanite 
carries what appear to be pseudomorphs after leucite. The author 
accounts for the observed differentiation by the assimilation of 
limestone at the base of the laccolith. 

Notwithstanding the comprehensive work of the late W. C. 
Brogger, research on the great Oslo petrographic province has 
begun again, and is being published under the general title ** Studies 
on the Igneous Rock Complex of the Oslo Region.” Part I S 
a memoir by 0 . Holtedahl on “ Some Structural Features of the 
District near Oslo.” The second part, by T. W. F. Efarth, deals 
with The Systematic Petrography of the Plutonic Rocks ” {Norsie 
Yidenshap.-Ahad. Osh, J. Math.-Nat. Eh, 1944, No. 9, 104 pp.), 
and represents a very complete and penetrating revision of Br5gger’s 
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work, with the systematic description, nomenclature, and com¬ 
parative petrography of the plutonio rocks of the province. The 
work is mainly based on Brdgger’s slides and chemical analyses 
supplemented, however, by much new material. One of the most 
valuable things in Barth’s work is the critical study of the term 
“ essexite.” Essexite has long been used for the alkali-gabbros of 
the Oslo region, but Barth has no difficulty in showing that it is 
a misnomer. Oslo essexites are identical with Iddings’s “ kauaiite,” 
and differ considerably from the original essexites of Essex Co., 
Mass. 

A most usefcd collection of published “ Chemical Analyses of 
Igneous and Metamorphic Rocks of Denmark, the Faeroes, and 
Greenland ” has been made by S. Munck and A. Noe-Nygaard 
{Danmarks Oeol. XJndersog., II Ser., No. 68, 1942, 105 pp.) ; 218 
analyses are listed and a brief petrographical description of each 
rook is given. In addition, 37 analyses of the telluric irons of Disko 
and other places, and 4 of meteoric irons are given. This adds 
one more to the “ national ” collections of rock analyses which 
have been compiled for Great Britain, Switzerland, Sweden and 
Fi land. 

Some of the geological results of the Danish Expedition of 1939 
to West Greenland are now coming to. hand, A. Noe-Nygaard, for 
example, has published a comprehensive account of the “Plateau 
Basalts of Svartenhuk Peninsula ” as Part III of a series entitled 
“ On the Geology and Petrography of the WSst Greenland Basalt 
Province” {MeM. om ChdrdaTid, 137, No. 3, 1942, 78 pp.). The 
plateau hasalts are Underlain by a thick basalt breccia made up 
of glassy basalts (sideromelane) often pillow-form, and tuffs which, 
in tTim, rest on a basement of Pre-Cambrian and Cretaceous. Sills 
in the basement consist of dolerites with pigeonite and olivine. The 
plateau basalts proper include richly olivine-bearing lava,s (“ schOn- 
felsite,” “ masafueritej” and oceanite), olivine-basalts, olivine-free 
basalts, andesitic basalts, and anorthoolase-trachytes. Six chemical 
anal 3 raes are available which show that, as in, other parts of the 
North AtlantioTOTtiary region, orinanite^—oEvine-basaltandtholeiitic 
magmas were simultaneoudy present.- The evidence points to the 
origin of lavas by subterial fissure eruption. ; 

* Part V pf the same series is devoted to the desorption of “ Two 
Major Doleritie Intrusions of the Nu^suak Peninsula ” by S. Munck 
(jfedd. owi 137, No. 6i :1946j; 61 pp.). One of the 

intrusions (Sei&t) is a quartz-dolerite; the other (Atanikerdluk) 
is: a .quartz-bearing oUvinerdolerite rich in titanium dioadde. The 
is probably more t^U' 100; m,;tlnek. ; It is intruded 
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by an ultrabasic sill 10-20 m. thick, which is to be described in 
another memoir. The Atanikerdluk Sill seems to be much thinner. 
Both are probably connected with the flood-basalt eruptions of 
the region, 

R, A. Daly discusses “ Volcanism and Petrogenesis as illustrated 
in the Hawaiian Islands’’ {Bull, Oeol, Soc, Amer,, 55, 1944, 
1363-1400), Hawaiian lavas are regarded as differentiates, largely 
controlled by density, of a primary olivine-basalt magma. Juvenile 
gases in the volcanic conduits are believed to play an important 
part in differentiation, both as flux and as inciters of convection. 
To this action the trachytic lavas especially are assigned. An- 
karamites and oeeanites (picrite-basalt and chrysophyric basalt of 
American petrographers) are regarded simply as due to the settling 
of early-formed olivine. Alkaline and meUlite-bearing lavas are 
believed to be due to reaction of primary basalt magma with sedi¬ 
ments rich in carbonates. Incidentally, Daly adversely criticises 
Kennedy’s conception of two kinds of primary basalt magma (olivine- 
basalt and tholetiie) on grounds which the writer of these notes 
thinks inadequate. 

The important observations of G, A. Macdonald on ‘‘ The 1840 
Eruption and Crystal Differentiation m the Kilauean Magma 
Column ” {Amer. Journ. /Sci., 342, 1944, 177-89) are best sxun- 
marised in his own words : ‘‘ During the 1840 eruption of Edlauea 
volcano olivine-basalt almost devoid of olivine phenocrysts was 
erupted from a group of vents at high altitude nearly simultaneously 
with the eruption, from a group of vents at low altitude, of picritic 
basalt containing abundant large olivine phenocrysts. The differ¬ 
ence in composition between the lavas of the two groups is largely 
or entirely caused by the presence of the olivine phenocrysts in 
the picritic basalt. Gravitative crystal differentiation in the magma 
column appears to have produced an upper portion devoid of olivine 
phenocrysts from which were derived the lavas of the upper vents, 
and a lower portion enriched in olivine phenocrysts which supplied 
the lavas of the lower vents.” 

It has been suggested that the well-exposed ring-dike and cone- 
sheet structures first described from the Tertiary igneous fields of 
the west of Scotland represent the roots of great shield volcanoes 
of Hawaiian and Icelandic type. Hence G. A. Macdonald’s paper 
on Ring Structures at Mauna ICea, Hawaii ” (Amer. Joum* ScL, 
243, 1945, 210-17) provides welcome evidence in favour of the 
above view. He writes : Besides the radial rift zones charac¬ 
teristic of; Hawaiian volcanoes, Mauna Eea also, sho^ arcuate 
alignments: of cinder cones along lines cpncentHo to^^^^t^^^^ 
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axis of the volcano. These indicate the existence of arcuate fissures 
and groups of fissures, occupied beneath the surface by ring-dikes 
or cone-sheets.’’ 

H. T. Steams has made a comprehensive study of the “ Geology 
of the Samoan Islands ” {Bull, GeoL Soo, Amer,, 56, 1944, 1279-1332), 
especially the American island of Tutuila. The latter was built by 
five volcanoes over at least two parallel rifts trending N. 70® E, 
A caldera 6 miles across was formed by collapse of the top of the 
Pago volcano. It was partially filled by a thick series of tufis and 
lavas, and several bulbous trachyte domes penetrated the caldera 
filling to the surface. About 600 dikes and 40 faults are recorded. 
Two of the dikes are unusual in that they contain oriented xenoliths 
of dunite ; another contains bedded ash. 

G. A. Macdonald follows with the ‘‘ Petrography of the Samoan 
Islands” {ibid.y 1333-62). The five great shield volcanoes of 
Tutuila are all largely built of olivine-basalts, with picritic basalts, 
olivine-poor basalts, olivine-free basalts, andesine- and oligoclase- 
basalts also represented. The other islands have the same general 
composition. The post-caldera plugs consist of quartz-trachyte. 
All available chemical analyses of Samoan lavas are assembled. 
The suite is alkalic, but near the boundary with the alkali-calcic 
series with an alkali-lime index of 60*5. PijBferentiation probably 
proceeded mainly by ciystal settling from the parent olivine-basalt 
magma. , 

In the memoir on the Geology of Borabora, Society Islands ” 
{Berenice P. Bishop Mus, Bull,, 169, 1941, 43 pp.), J. T. Stark 
and A. L; Howland describe the lavas of Borabora as aU olivine- 
bearing, ranging from basalts with 5 per cent, of olivine to oceanite 
with 50 per cent. Ten new analyses are provided, Borabora, 
like other islands of the Leeward Group, is the eroded cone of an 
extinct and former]^ much larger volcano. Fragmental volcanic 
material is conspicuous by its scarcity. The lavas range in thick¬ 
ness from 1 to; 15 ft. with an average of 6 ft. In many places 
ellipsoidal structures resembling “ pillow-lavas ” are found, which 
are ascribed to a kind of biUowing effect ” in viscous flows duo 
to local increases of gas pressure. The geological history seems to 
preclude submergehce and therefore subaqueous origin for these 
structiu^. The have apparently bverlooked an explana¬ 

tion which has been successfully applied to very similar phenomena 
in the Mull volcano of Scotland, namely, that the pillow structures 
are due to extrusion into long-standing ciater lakes. 

W. Benson hafe: published a series of five papers on The 
: l^eous Rocks of Eastern Qtago Sind their Tectoniu En^dron- 
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ment.” Part I {Trans. Roy. Soc. N.Z., 71, Pt. 3, 1941, 208-22) 
deals with the general tectonic environment. The Dunedin region 
exhibits a long and varied sequence of Late Tertiary igneous rocks, 
mainly of alkahne nature, which cover 110 sq. miles out of a total 
of 250 sq. miles mapped in detail. Part II 72, Pt. 1, 1942, 

85-110) describes the distribution of the eruptive rooks in relation 
to the regional tectonics, and the petrography and chemistry of 
the Late Tertiary igneous rocks of the relatively stable Dunedin 
region. The rock types include olivine-basalts of various types, 
mugearites, atlantites (melanocratic nepheline-basanites), olivine- 
theralite and olivine-nephelinite. Part III (idid., 72, Pt. 2, 1942, 
160-85) describes a sill of olivine-theralite which has undergone 
marked gravitational differentiation. The downward sequence of 
types in this sill recalls that of the Lugar Sill, with which the 
New Zealand occurrence is compared. 

Part IV is divided into two sections, the first of which deals 
with the geology of the Mid-Tertiary basalts, tholeiites and doleiites 
of north-east Otago (idid., 73, Pt. 2, 1943, 116-38). The second 
section discusses the petrology of these rocks (ibid., 74, Pt. 1, 1944, 
71-123). The average magma of this sub-province resembles that 
of the British tholeiites and quartz-dolerit^, but is richer in soda 
as is shown by the occurrence of pegmatoid analcite-syenite and 
anorthoclase-bearmg olivine-basalt. , 

In a paper on Cainozoic Petrographic Provinces in New Zea¬ 
land and their Residual Magmas,’’ W. N. Benson (Amer. Joum. 
Sci., 239, 1941, 537-52) distinguishes three associations, namely, 

(1) a rhyolite-dacite-andesite-basalt association in North Island; 

(2) basalts and andesites in Banks Peninsula, South Island; and 

(3) the olivine-basalt-trachybasalt-trachyte-phonolite association of 
the Dunedin region, described in Benson’s papers above cited. 
The geological environment, tectonic history, and sequence of 
igneous events in each province are summarised. The North Island 
province is definitely of calcic character, just as that of the Dunedin 
district is definitely alkalic; but the Banks' Peninsula province 
shows intermediate characters. 

In a study of the Petrology of the Tertiary Older Rocks' of 
Victoria;” A. B. Edwards (Proc. Roy. Soc. Viet., LI, Pt. 1, 1939, 
73-98) has shown that these igneous rocks are petrologically dfetihot 
from the Newer Series (see SciEKdB Peogress, XXXIV, 1939, 334). 
They consist of crinanites, olivine-titanaugite-dolerites and basalts, 
oUvine-basalts, ofivine-nephelinites, liinburgites, monchiqtdtm and 
camptonites, and possible acid differentiates such tingumtes and 
phonolites. The rocte bcctir both ^ lavas and as dike-swai^ 
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The suite could have been derived from an olivine-basalt magma 
comparable with Kennedy’s orinanitic magma. 

The “ Dolerites of Tasmania,” described by A. B. Edwards 
{Jmm. Geol. 50, 1942, 451-80,; 579-610), are closely akin to 
those of the Karroo, and especially to those of Antarctica. They 
occur as huge sills, sometimes more than 1000 ft. in thickness, 
and as great dikes a inile or more wide, which penetrate hori¬ 
zontally-bedded Permo-Carboniferous and Trias-Jura strata. These 
intrusions underwent fractional crystallisation and gravitational 
differentiation after emplacement, which have given contrasted 
results in the sUls as compared with the dikes. ' In the closed 
chambers of the sills sinking of the early crystals of magnesia-rich 
pyroxene led to slight absolute enrichment in iron of the residual 
magma which was displaced upwards. The iron-rich pyroxene 
thus formed was retained in the upper parts of the sills owing to 
the inability of its crystals to penetrate the crystal-clogged layers 
beneath. Thus peculiar iron-rich rocks were formed in the upper 
parts of the sills. In the great dikes, however, there was no such 
inhibitive action, and the concentration of iron in the. residual 
magma was dissipated. The trend of differentiation in the dikes 
thus gave rise to andesitic rather than iron-rich tj^s. This idea 
of the dependence of differentiation on the form of the magmatic 
chamber is of importance in petrological theory, as it seems to 
reconcile the conflicting views of Bowen and Tenner on the enrich¬ 
ment in iron of the residual liquids of basaltic magmas. 

A. B. Edwards, has also described “ The Crinanite Laccolith of 
Circular Head, Tasmania ” (Proc. Boy. Soc. Viet., 53, (N.S.), Pt. 2, 
1941, 403-15) as a mass originally more than 500 ft. thick in its 
central part, which was injected into Permo-Carbo ni ferous sedi¬ 
ments. Like many other doleritic sOls, it has a marked concen¬ 
tration of olivine and augite at about one-quarter of the thickness 
np from the base of the sill. The intrusion contains nephehne-rich 
s^regarions pud veins. 

: f Macquarie Island ; Its Geography and Geology ” is the subject 
of a fine memoir by Sir D. Marwson, (Au^raUan Antarctic Eoeped. 
1911-14. ySfe*. Set. A, Vol. Yi 1943, 194 pfpv, 46 figs., 37 pis.). 

The island is situated 800, niiles south-west of New Zealarid. The 
oldest fprinaripn is- a thick series of basaltic lavas and sills probably 
of SHd-Mesozeie 4^, possibly to be correlated with the large-scale 
dolerite intrusir^ of Tasiriania and Antarctica. These rodks, with 
tiiS’ ass^iated' tuffaceous gieywackes, Were subjected to folding, 
said U £^ri^ of plutonic mass^ were injected into the cores of the 
eonrist of gabbro, rmrii®^ -bhviiie^ 
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troctolite, eucrite, allivaKte, hamsite, harzburgite and dunite—in 
short, a series remarkably parallel with the Tertiary plutonio 
masses of Skye and Rum, Comparison with the Tertiary suite of 
the West of Scotland is made more exact by the occurrence of 
teschenites, analcite-basalts, etc., associated with tholeiitic types., 

A Report on Rocks from West Antarctica and the Scotia 
Arc” by G. W, Tyrrell {Discovery Reports, XXIII, 1945, 37-102) 
consists of five papers dealing respectively with the petrography 
of the South Shetland Islands; Graham Land peninsula and 
Adelaide Island; the Elephant and Clarence Group ; the Shag 
Rocks west of South Georgia ; and the South Sandwich Islands. 
Mr. J. M. Wordie has supplied a Foreword which brings together 
the geological results of these investigations. The discovery of 
a new volcano (Penguin I) in the South Shetlands by J. W. S. 
Marr ; the identification of specimens from the vicinity of the 
Shag Rocks, the unknown part of the Scotia Arc, as tremolitic 
greenstones which can be correlated with similar greenstones from 
Clarence I and Tierra del Fuego, are important new points. The 
work has completely confirmed the diagnosis of E. Suess—^that the 
Scotia Arc is a vast protrusion of Circum-Pacific structures and 
rocks into the heart of the South Atlantic. . 

A considerable contribution to the geology and petrology of the 
Sunda Islands, with many new analyses, has been made by H. A. 
Brouwer in a paper ; ‘‘ Geological and Petrological Investigations 
on Alkali and Calc-alkali Rocks of the Islands Adonara, Lomblen, 
and Batoe Tara” {GeoL Exped. to the Lesser Sunda Islands, II, 
1940, 94 pp.). The islands consist mainly of the products of extinct 
and still-active volcanoes, pyroxene-andesites and olivine-basalts in 
Adonara and Lomblen, with trachybasalts and trachyandesites 
from the younger volcano on Lomblen. Batoe Tara is the upper 
part of a volcano emitting potash-rich lavas mainly leucite-basanite. 
Brouwer considers that the lesser Sunda Islands afford one of the 
clearest examples of a simple relationship between tectonic and 
volcanic evolution. 

Numerous intrusions of the chamockite series occurring in the 
western margin of the Eastern Ghats in Southern Jeypore are 
discussed by H, Grookshank {Rec. Oeol, Surv. India, 73, Pt^ 3, 
1938, 398-434). He shows that their metamorphism is similar to 
that of the older gneisses, with even more marked stress phenomena. 
It is concluded that the hypersthene gneisses and gneisi^c soda 
granites are of igneous origin and belong to the eharnockite series. 
Solutions given off by the chamockite magmas haye effected a 
marked degree of alkali metasomatism^, : ' / ; 
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“ The Chamockite Series of Bastar State and Western Je3rpore,” 
according to P. K. Ghosh (iJec. Oeol. Surv. India, LXXV, Prof. 
Paper,'No. 16, 1941, 55 pp.), represent impure calcareous sediments 
rich in iron and magnesium, now metamorphosed to diopside- 
gneisses. Rise of temperature and formation of hypersthene from 
diopside led to the basic chamockites. Some stress at this stage 
produced garnet from diopside and plagioolase, and further stress 
led to the appearance of green and blue hornblende. Finally, 
there was am influx of alkaline fluids, the dominance of potash 
in which led to the formation of acid chamockites. The . basic 
and ultrabasio members of the series are thus ascribed to thermal 
and dynamic metamorphism, the add members to a process of 
assimilation and replacement. 

B. Rama Rao has discussed “ The Chamockite Rocks of Mysore 
(Southern India) ” [Mysore Oeol. Dept. 18, 1946, 199 pp.). 

He deals fully with the field geology, mineralogy and petrography 
of this enigmatic series of rocks. He shows that myrmekitic 
texture, nxicroperthitic intergrowthsj dusty inclusions in quartz 
and feldspars, and granulitio stracture, oi^n thought to be dis¬ 
tinctive of the chamockite series, are characteristic of aU the 
formations present, and are due to regional metamorphism which 
has affected all rocks in common. RaO regards the basic and 
ultrabasic members as undoubtedly of igneous origin, but the acid 
and intermediate types may comprise not only acid intrusions but 
also the invaded rocks. ■ GhamocMtes are “ essentially reconstracted 
rocks, and have resulted' from several phases of recrystallisation 
due tO' thermal metamorphism at different periods.” 

ZOOLOGY. By W miJAW Honuss, M.A., D.Phil., The University, Oxford. 
Hbpheidia And CcELOMODtrors. —-The science of comparative 
anatomy can never claim a grander achievement than that of 
bringing within a sn^le scheme the' morphology of the excretory 
and reproductive systems of aU triploblastic animals. Fifty years 
ago Professor E. S. Ckiodrich drew the attention of British scientists 
to the 'theory that the coelom of the h^her Me'tazoa has evolved 
from the genitai follicles of)the lower acoelomate types ; at the same 
time he drs'wj'the'frmdamental dfetinction between “nephridia,” 
wMch develop from regions of the body more superficial than the 
b«mg of the. coelom, and “ ccelomoducts,” which are extensions of 
the cmlbmic cavity itself by centrifugal outgrowth from its walls, 
in doing so he made a major conMbutioh to a study which notr, 
fifty years later, he has reviewed itt-‘‘The Study of Nephridia and 
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Genital Ducts since 1895 ’’ (Qwari. J. Micr, Sci., 86, 1946, 113-392). 
Here all the morphologioal information accumulated in this period 
is reviewed, the various forms of the organs are illustrated by 
drawings, and their relationships are demonstrated by comparative 
diagrams : the analysis gives repeated confirmation of the principles 
outlined by Goodrich in 1895. 

As a result of the studies summarised in this review oxnr morpho¬ 
logical knowledge of the nephridial organs is profound, but in con¬ 
trast what we know of their physiology is jfragmentary and often 
inconclusive. Elromhout {J. Morphoi., 72, 1943, 167-82) has made 
“ A comparison of the protonephridia of the fresh-water, brackish-^ 
water and marine specimens of Gyratrix hermaphrodite.^' The 
three forms of this ttirbellarian differ in the structure of the proto- 
nephridial system. The complete system, as seen in the fresh-water 
form, consists of flame cells, syncitial tubules enveloped by para- 
nephrocytes,” and an ampulla which leads to the excretory pore. 
In the brackish-water form the tubules are less distinct and the 
paranephrocytes are absent; in the marine form tubules, para- 
nephrocytes and ampullae are all lacking. On Eromhout’s inter¬ 
pretation the flame cell may be regarded as the organ concerned 
in the extraction of waste products from the tissues, and the atnpullse 
and tubules are the parts of the protonephridial system concerned 
in osmo-regulation, since the water-balance problem is more serious 
ru fresh water. It may be taken for granted that since most 
excretory organs extract waste products in solution then they must 
play some part, however small, in maintaining the water-balance 
of the animal. We may perhaps conclude with Kxomhout that the 
nephridia in Oyratrix play more than an incidental part in osmo¬ 
regulation, and deal with all water taken in inevitably from a 
hypotonic environment; nevertheless, it should not be forgotten 
that in the euryhaline form Chmda earlier work has attributed to 
the epithelium of the gut the chief role in the control of the water 
content of the animal, 

Exobei:ion m the Eabthwobms. —^The mode of excretion and 
osmo-regulation practised by the earthworms has been studied from 
many aspects, but so many processes have been considered to con¬ 
tribute to the whole mechanism that our knowledge remains imper¬ 
fect ; the functions of the nephridia have proved surprisingly 
elusive. However, since the publication of Stolte’s teview (Bronn^s 
“ Tierreich,” Band 4, Abt. 3, Buch 3, Dief. 4) a most impressive 
attack on the [problem has been made by Bahl {Quart, J. Mitr, 8ci., 
85, 1945, 343-90). Bahl had previonsly ihade a thorough investi- 
^tion of the morphology of the nephridial system of the^ I^ 
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earthworms (see Goodrich, sttpra), and the worm Pheretima was the 
main subject of his present study. Although the nephridia of this 
worm differ from those of the British earthworms in some respects, 
most of Bahl’s conclusions may be generalised with the reservations 
noted in his discussion. Bahl describes in detail all the biochemical 
techniques of which he made use, so that his experiments may be 
repeated and checked. 

Analysis of the urine (nephridial exudate) of the worm showed 
that the chief nitrogenous waste-products are urea and ammonia; 
no uric acid is present. The coelomic fluid, freed from corpuscles, 
was then investigated; it contains both urea and ammonia, the 
former being present at a slightly lower concentration than in the 
urine. This is at the same time the first demonstration that 
the ccelomic fluid contains nitrogenous excreta and an indication 
that the nephridia may derive some urea from a soiuce other than 
the ecelom. Since the nephridia are highly vascular structures it 
is significant that urea was found in the blood at about the same 
concentration as in the coelomic fluid ; ammonia was also present, 
but at a lower concentration. • The blood is thus shown to play 
a part in the transport of excretory products as well as in that 
of oxygen. 

The chlpragogen tissue, lying in the intestinal wall, has often 
been credited with a hepatic ftmotion in the excretory processes of 
the earthworm. Bahl demontstrated that the gut wall does in fact 
contain a higher percentage of urea than is found in the body-wall, 
coelomic fluid or urine, and concludes that the chloragogen tissue 
is an; important site, if not the central organ, of urea, formation. 
The “ renal ” functions of the nephridium were then investigated. 
It was oonclude'd-that the fluid entering the open nephridial funnels 
is free from corpuscles, but is identical with the coelomic fluid in 
its content of colloidal protem; this protein is, howeyer, reabsorbed 
into the body during the passage of the fluid down the nephridial 
tubes with the formation of the urine. If urine is excret^ into 
the tubes from the blood vessels it-is presumably a protein-free 
filtrate. . There is a large-scale reabsorption of chlorides as well as 
of” protein dniing the passage of: urine through the tubulesi and 
the urine'as finally excreted, is hypotonic both to the blood and to 
the cceloiinc fluid' : ; the nej^hridium thus, plays an important part 
in controllii^ tihe;,<W«ffcer-baiai|ce of the wormi 

The ciliated middle tube of the nephridium has long bemx known 
■to contain brownish grannies, and on the basis.of.an earlier bio- 

cfej^oal study these f have been,; accepted^ as containing 

«fi^r which exeretefry, product, the imphri^uni. waS; considered 
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to serve as a “ kidney of accumulation.’’ But by spectroscopic 
and other tests Bahl has shown that these grannies are in fact 
composed of heemochromogen, and he concludes that the nephridia 
serve as storage kidneys for the products of blood destruction. 

It will be recalled that in standard accounts of the excretory 
processes of the earthworm a considerable role is attributed to 
phagocytic cells, of which many are found in the body cavity. 
Liebmann (/. MorphoL, 71, 1942, 221-50) has followed up his 
earlier work by a study of the corpuscles in the ccelomic fluid. 
These he divides into two categories : eleocytes and leucocytes. 
The eleocytes are formed and liberated by division of the chlora- 
gogen cells ; they are non-amoeboid, and contain lipide and pos¬ 
sibly glycogen, and in their earlier developmental stages protein 
also, all in the form of granules. The leucocytes are phagocytic; 
they feed on broken-dowm eleocytes, bacteria and other parasites, 
and the main channels for the excretion of such material is by the 
formation of the “ brown bodies.” The structure of these bodies, 
which usually contain larval nematodes, gregarine cysts and old 
setae and are excreted through the dorsal pores in the hind segments 
of the worm, is described by Tu (Zool, Jahrb., Abt Aimt,, 63, 1937, 
73-124), 

According to liebmann the eleocytes are not concerned in ex^ 
cretion ; they migrate from the waU of the alimentary canal to all 
parts of the body loaded with food material, which they liberate 
to the tissues. They are particularly active when the body of the 
earthworm has been severed and regeneration is in progress. Leib- 
mann does not exclude the possibility of urea formation by the 
chloragogen tissue, but regards its role in nutrition, via the eleo¬ 
cytes, as being its main function. Indeed, in a later paper (J. 
Morphok, 73, 1943, 583-610) he concludes that the chloragogen 
tissue “ appears to determine regeneration in its various aspects.” 
It wiU be seen that Bahl’s investigation of the excretory processes 
does not exclude the phagocytes from a part in excretion, but it 
does not require them. Liebmann, on the other hand, casts con¬ 
siderable doubt on the traditional interpretation of the functions 
of the chloragogen tissue. Thus in spite of these advances our 
knowledge of the process of excretion in the earthworm remains 
incomplete. 

The Neevous System of the EABa?HWOEM. —Running nearly 
the whole length of the ventral nerve cord of the earthworm are 
three giant ” nerve fibres. One of these fibrea is medm 
dorsal, the other two lie laterally bn either side of it. "These fibres 
constitute in their structure an exception to the general neurological 
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principle of the unity and distinction of neurons, for each of them 
is formed of a chain of segmental axonal units, and each of these 
units is itself a .S 3 mcitium, formed of the fused axonic processes of 
numerous nerve cells located in the segmental ganglia on the nerve 
cord. Morphologically these fibres are well known and Rushton 
has now made a detailed investigation of their physiological proper¬ 
ties (Proc. Roy. Soo., B 132, 1944, 423-37). The segmental units 
in the chain of which each fibre is composed are separated from each 
other by a septum, which may be considered as comparable with 
a synapse. But these septa are unlike the usual polarised synapses 
of vertebrates in that both median and lateral fibres can conduct 
impulses in either direction. The impulse travels to both ends of 
the fibre when it is directly stimulated at any point. Another 
unusual characteristic is the fact that nerve impulses suffer no 
appreciable delay (comparable wdth synaptic delay) when they cross 
the septa in the process of transmission along the fibre : thus each 
fibre, although segmental in structure, is functioning as a single 
unit in impulse transmission. 

. It has long been known or guessed that the earthworm giant 
fibres subserve the transmission of the nerve impulses that cause the 
rapid shortening reaction of the frightened ” worm, causing it to re¬ 
tract hastily into its burrow., The nerve impulse passes rapidly along 
the fibres, by virtue of their large diameter, and excites the motor 
nerve branches of each segment as it passes through the ganglia. 
If both median and lateral fibres can conduct impulses in both 
directions, why are three fibres necessary to mediate the shortening 
reaction ? Rushton has now shown {Proc. Roy. 8oc., B 133, 1946, 
109-20) that in the intact worm sensory stimulation of the head 
r^on—rthat is, anterior to the posterior border of the clitellum— 
causes an impulse to pass in the median fibre only, while stimulation 
bdiiad that point produces an impulse in the two lateral fibres but 
not in the median. Thus although both median and lateral fibres 
are uhpolarised they are excited by sensory fibres covering distinct 
peripheral zones. , 

Bullock (tf. NeuTophysiol.i 8, 1946, 55—71), working on the same 
problem by similar methods in the United States, has arrived inde- 
pendently at condusions which are in most respects in agreement 
with those of Rushton. He has further demonstrated that when 
the. animal is elongated the rate: of conduction m the giant fibres 
is greater than v^hen it is in the shortened condition. 

The visceral nervous system of the earthworm has been reiavesti- 
gated by Millot {Prm. Boy. 8o<>., B 131, 1943, 271-r95 and 362-73). 
neawe supply to the gut; is derived from two distinct sources: 
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one channel comes from the peripharyngeal commissures, and the 
other, previously undescribed, arises from the whole length of the 
ventral nerve cord by way of the segmental ganglia. Miliot makes 
the most interesting observation that these two distinct visceral 
systems are antagonistic in their action, one increasing the tone of 
the gut, the other decreasing it. The analogy with the condition 
in mammals is made even more striking by the fact that he .finds 
evidence of chemical mediation in the transmission of the nerve 
impulses to the gut muscles, the nerves increasing the tone of the 
gut being chohnergic, those decreasing it adrenergic. In a third 
paper {Proc, Roy. Soc., B 132, 1944, 200-12) he describes his studies 
of the nervous control of secretion by the intestinal digestive glands ; 
the secretion of protease at the anterior end of the intestine is 
under nervous control, though the possibility that some of the 
control is non-nervous is not excluded. 

A New Crustaoeak Oedeb. —^Pennak and Zinn have described 
a new entomostracan De^rocheilocaris typicus in a paper entitled 
Mystacocarida, a new order of Crustacea from the intertidal 
beaches in Massachusetts and Connecticut” {Smithsonian Misc. 
Coll, 103, 1943, No. 9). 

Sixty-five specimens of this animal, all females, were discovered 
in the capillary waters, between the sand grains, of the intertidal 
beaches of the regions investigated. At first the authors believed 
it to belong to the Copepoda, but further study showed that it 
could not be attributed to this group. Its most striking differences 
lie in the number of segments comprising the head, thorax and 
abdomen, and in the structure of the appendages which, except 
for the first and second anteimse, differ markedly from those of 
Copepods. An unusual feature is that the genital pore is in the 
first thoracic segment. Five larval stages are described. The 
authors conclude that this new crustacean must constitute a new 
Order, the Mystacocarida, which they consider as close to the 
Copepoda but more primitive than any known living crustacean 
group. ‘ 

CoELENTEBATE Nematooysts. —^Two sides of the problem of the 
mode of action of nematooysts have recently been reinvestigated^ 
First, what is the natural stimulus that excites the cnidoblast ? 
and, second, what is the mechanisni by which the nematocystf is 
discharged ? Pantin has studiM ‘‘ The Excitation of Nematocysts ” 
in Anemonia sulcata {J. Exp. Biol, 19 j 1942, 294-310). He con¬ 
cludes that the cnidoblasts are independeant effectors^ since the 
nematocysts are only (hscharged at the site of stimulation,. and 
there is no sign of the spreading of ruction such as wotdd indicate 



SCIENCE PBOORESS 


608 

a physiological connection between the cnidoblasts and the nervous 
system. The primary efifective stimulus is always mechanical—■ 
discharge is “ easily ’’ produced by solid food, but by inert solids 
only when the mechanical stimulus is greater than that which is 
effective if the stimulating solid is a food substance. This indica¬ 
tion that chemical sensitisation plays some part in the normal 
reaction to food was confirmed by further experiments. Most food 
solutions and solutions of food derivatives do not cause a discharge, 
but they sensitise the cnidoblasts so that they react more readily 
to a given mechanical stimulus. Pantin further concludes that the 
sensitising substance is a lipoid strongly adsorbed on to protein, 
and th^t sensitisation is normally by direct contact between the 
solid containing the substance and the cnidoblast. 

The problem of the mechanism of discharge of the nematocyst 
is discussed by Kepner et ah in a study of “ The Structure, Develop¬ 
ment'and Discharge of the Penetrant of Pelmatohydra oligactis'' 
(J. MorphoL, 72, 1943, 561-84). This paper may conveniently be 
read in conjmiction with a brief summary of earlier work on “ The 
Nematocysts of Hydra” by Baker {Sch. Sci. Bev., 1938, 261-7). 
In the type of nematocyst studied by Kepner the part of the organ 
which is ejected on stimulation, as seen after discharge, consists of 
a filament or “ stinging thread ” based on a shaft which is provided 
with three large stylets and three clockwise spiral ridges bearing 
spines; the stinging thread forms most of the length of the dis¬ 
charged penetrant. The main point in which Kepner differs from 
earlier workers is in regard to the structure and mode of formation 
of the stinging thread. It was formerly considered that the whole 
penetrant in the undischarged state is an invagmated tube, and 
that discharge consists of an evagination by which the wall of the 
penetrant that was internal before discharge becomes external after 
it. Kepner believes, however, that the filamentous part of the 
penetrant, which is coiled up in the undischarged state, is not a 
tube,^ but a solid rod of a gel-like colloidal material. The initial 
step in discharge is a widening of the mouth of the capsule as a 
nesuh of mechanical pressure {the role of the onidocil remains im- 
oertain), and there is a consequent release of the operculum. Water 
enters the lumen of the cyst and transforms the jel-like rod into 
a* fiuid. Tins change hr the physical state of the colloid generates 
an internal preSstoe?; the fluid colloid is forced out before the ever¬ 
sion of the an its stylets, and the fluid as it emerges, under- 
gci^ a second transfoam physical state, becoming again a 

gelrlikB rod, but longer and thinner than before : as it emerges it 
the spii^ rifling ’uof the spm^dn.the unevaginated 
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shaft. The last stage in discharge is the evagination of the shaft 
and its armature. This paper also contains some observations on 
the development of cnidoblasts, of which the penetrant is described 
as a “ secretion product.” 

ENTOMOLOGY. By A. D. Lees, M.A.,Ph.D., Agricultural Research 
Council, Unit of Insect Physiology, Cambridge. 

The Insect CuTiCLE.—In recent years considerable progress has 
been made in our understanding of the process of hardening and 
darkening which takes place in the cuticles of many insects after 
moulting or pupation. It had previously been thought that darken¬ 
ing was due solely to the formation of melanin products as a result 
of the oxidation of tyrosine. But in 1940 M. G. M. Pryor {Proc. 
Boy, /Soc., B 128, 378 and 393) drew attention to the fact that 
the cockroach ootheca, an object containing no chitin, but which 
hardens and darkens in a manner reminiscent of insect cuticle, is 
secreted by two glands, one of which secretes a water soluble 
protein and the other a dihydroxyphenoL The latter is oxidised 
to the corresponding quinone and reacts with the protein to form 
a resistant material, sclerotin. This tanning ” process, resulting 
from the introduction of cross-linkages into the protein molecule, 
is thus very similar to the familiar tanning of coUagen by benzo- 
quinone ; both processes lead to a darkening and toughening of 
the material. Pryor also demonstrated the presence of reducing 
substances, probably dihydroxyphenols, in the hard exo- and 
epicuticles of several insects, and he suggested that normal cuticular 
hardening was due to a similar reaction. The blood of insects 
also contains a phenol which does not, however, react with protein. 
This phenol is probably dopa ” or tyrosine and, after deamination, 
it will serve as the source of the cuticle dihydroxyphenols. Although 
the cuticle may contain protein and phenols no darkening takes 
place until the latter is oxidised by enzjnnes to the corresponding 
quinone. In the larva of the blowfly Sarcophaga the inner layer 
of the epicuticle contains an oxidase and the future exocuticle 
dihydroxyphenols {R. Dennell, Nature, 1944,154, 57). At pupation 
darkening commences where enzyme and substrate meet and 
gradually spreads inwards. In Sarcophaga the deposition of phenql 
in the cuticle coincides with the appearance of a related phenol in 
the blood, arising from the oxidation of tyrosine by tyrosinase 
secreted by small blood cells, the cenocytoxds. In spite of the 
presence of both enzyme and substrate, however, no ^m^nin is 
deposited in undrawn blood, audit has been suggested that oxidation 
is held in check until pupation by the presence of a dehydrogenase^ 
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Almost simultaneously with Pryor’s work, G. Fraenkel and 
K. M. Rudall {Proc. Boy. 8oc., 1940, B 129, 1) advanced a rather 
different view of cuticle hardening, as a result of chemical and 
X-ray studies of the blowfly cuticle. They observed that during 
the hardening of the puparium the water content of the cuticle 
falls, and that a higher degree of chitin orientation and a closer 
packing of the puparial substance is achieved. How far such 
changes are secondary to the process of “ taiming ” has not yet 
been decided. 

Pryor’s conclusions are supported by the work of M. Lafon 
{Ann. Soi. Nat., ser. Sot. et Zool., 1943, 11, 1.13) on the ohitin and 
protein content of a variety of arthropod cuticles. In different 
species of insects the proportion of chitin and protein remains 
fairly constant, about 30 per cent, of the total cuticle weight being 
due to chitin and rather more than 30 per cent, to protein. There 
is no connection between chitin content and hardness. In the 
Decapod Crustacea, on the other hand, the cuticle is heavily im¬ 
precated with mineral salts and chitin may form as much as 
75 per cent, of the total organic matter, protein being reduced to 
little more than 10 per cent. Lafon draws the conclusion that 
protein has little structural value in the Crustacea since rigidity is 
achieved by impregnation with salts. It is interesting that in the 
Myriapoda, the Chilopod exoskeleton resembles the insect cuticle 
in richness in protein and, as in insects, hardening can be ascribed 
to: a tanning reaction.; The Diplopods, on the other hand, have 
thick calcified cuticles and the protein content is correspondingly 

' 10W;->" ; ■ . • . ■ : 

. r Ibtring the tannh^ of protein with quinones the material goes 
throi^h a series of colour changes from light brown to niahogony 
and finally blaeln The natural course of pigmentation during the 
darkening of the puparium of GoZZiphora resembles such changes 
‘ nijUch more closely than does the immediate blackening which takes 
plasje <m inunershig the puparial cuticle in tyrosine (Lafon, loc. cit:). 
In some inseots, however, it is likely that both reactions go forward 
concmsmiily. Thu8.ih the darkening of the puparium of DrosopMkt, 
two proeesseB; can be disianguished> a browning reaction, probably 
due to tamaifig, and a blackenu^y due to melanin deposition (0. H. 
^addu^to®^ Rroc* Zool. Soc., 1941, A 111, 173). These reactions 
ape under gehetie control, both the quantities of tbe^ end products 
«md the iamdng of the reactions being variabloi . The gene “ straw,” 
- for example, reduces both phases of pigmentetion while “ ebony ” 
mdimes the tannmgM the puparium> whioh is therefore abnormally 
V ;wcreases;'-tihe'-. p%mentation;^f Abb .^ad»lt',fly¥ :,s,'. ■; ---m ; 
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Cuticle Permeability .—It has long been known that the insect 
cuticle is an effective barrier to the passage of water through it, 
and that this is a property of the epicuticle or outermost, lipoid- 
containing layer. As a result of work on the cuticle of the blowfly 
larva H. Hurst (Trans. Farad. 8oc., 1943, 39, 390 ; Brit. Med. 
Bull., 1945, 3, 132) advanced the view that the epicuticle was 
essentially a lipo-protein mosaic and that the action of fat solvents 
such as kerosene in facilitating the entry of polar liquids through 
the cuticle was due to the displacement of “ labile ’’ lipid within 
the cuticle framework. 

Eecent work (V. B. Wigglesworth, J. Exp. Biol., 1945, 21, 97 ; 
J. W. L. Beament, ibid., p. 115) on a variety of insects has greatly 
clarified our ideas on this subject. In contrast to Hurst’s views 
it has been found that the epicuticle is a layered system and that 
most insects are waterproofed by a uniform layer of wax, about 
0-25jw in thickness, overlying the general framework of the epicuticle. 
The wax film is too thin to be easily seen but its presence can be 
convincingly demonstrated by indirect means. If insects are rabbed 
with certain abrasive mineral dusts water loss through the cuticle 
is enormously increased. In such insects the epicuticle appears 
quite untouched in ordinary microscopic preparations but if the 
insect is immersed in ammoniacar silver solutions the polyphenols 
underlying the wax layer reduce the silver at the points where the 
wax has been abraded. In soil insects, such as wireworms, the 
movement of the insect through the soil particles causes a natural 
abrasion of the cuticle : the wax layer in insects taken from the 
soil is often heavily scratched and the insects themselves are ex* 
ceedingly permeable to water. Treatment with wax solvents, such 
as chloroform, and wax detergents also greatly increases evaporation 
from the cuticle. 

A point of great interest is that living insects are able; i^gely 
to recover their impermeability if they are rubbed with dust and 
then kept in moist air to prevent them firom drying up. This is 
accomplished by the deposition of wax on the siMace of the 
cuticle over the damaged regions, the wax being secreted by the 
pore canals which extend through the cuticle from the epidermal 
ceUs. Such an obseirvation draws our attention most strikin^y 
to the fact that even the outetmost layers of. the cuticle arc elite. 

In the normal insect tbe long wax crystallites are pfdbaMy 
closely packed and oriented vertically to the cuticle surfoce. If 
the temperature is raised, however, the wax molecules 
to increasir^ thermal agitatioii a^^ close aH^nfieait is lost, 
thus permitting water to escape 3QQMn*e rajfldly* !EhO tempea^t^^ 



SCIENCE PBOGRESS 


612 

at wMoh. such changes take place if intact insects are heated, varies 
widely in different species and depends on the nature of the water- 
prootog lipoid* In insects from dry environments, such as the 
blood-sucking hug Rhodnius or the mealworm Tenebrio, evaporation 
begins to increase dramatically between 50° and 60° C* In a less 
resistant insect, such as the leaf-eating caterpillar of the sawfly 
NematuSy this ‘‘ critical temperature ” is much lower, namely about 
38° C.; and in the cockroach about 30° C. Insects may not lay 
down the same wax at all stages in the life history. Thus the 
larva of Pieris secretes a wax which permits increased evaporation 
at about 40° C.; the pupal wax, on the other hand, has a critical 
temperajbure higher by nearly 20° C. and is much more impermeable 
—a necessity if the pupa is to retain its limited water supply. 

The waxes can be shown to be responsible for waterproofing 
by extracting and spreading them on artificial membranes. The 
evaporation of water from such fil m s shows an abrupt increase at 
the same temperature as from the insects from which they were 
obtained. The extracted lipoids have graded properties, ranging 
from hard apolar waxes in Rhodnius and Tenebrio, through softer, 
lower melting-point waxes, as in Nematusy to the cockroach which 
is waterproofed by a mobile oil or grease with polar properties. 
The higher melting-point waxes are much better waterproofing 
agents than the lower melting-point members. 

An efficient waterproofing system is an essential feature in the 
economy of most small terrestrial arthropods, and the cuticular 
waxes of insects in fact provide most effectively for the passive 
retention. of water. The cuticles of other arthropods, such as 
ticks, are probably waterproofed by waxes in a very similar manner. 
But as well as the ability to retain water passively, ticks also possess 
the additional faculty of actively resisting desiccation and of taking 
up water tlnough the cuticle from moist air (A. D. Lees, Parasitology, 
1846^ 37, 1). This secretory mechanism is dependent on the 
int^rity of the epidermis and disappeto if the tick is killed or 
injured* Although different species of ticks show great diversity 
in thefr powers of resisting desiccation—a pircnmstance which is 
due to the type of wax secrpted—aU are able to take up water 
through the cuticle ; indeed, the mte of uptake is much the same 
in spemes such as w and Dermacentar andersoni, even 

though the latter is far more impermeable. It sepms as if the 
cuticle ppsse^es asyrmnetric properties: the wax layer forms an 
effwtiye barrier to; the loss of water by evaporation, but it in no 
l^ders the £^^ye uptake^ of water in the reverse direction. 

■ spectacular advance has 
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been made in the field of economic entomology by the discovery 
of new chemicals which satisfy two of the prime requirements of 
good insecticides, namely, great toxicity to insects and the posses¬ 
sion of lasting or residual properties. Two chemicals which have 
proved outstanding are DDT (parachlorphenyl) 1,1,1-trichlor- 

ethane) and gammexane (the gamma isomer of benzene hexa- 
chloride). It is a curious coincidence that these materials should 
have appeared at a time when supplies of the vegetable insecticides 
pyrethrum and rotenone were cut off from this country and North 
America, The need for efficient substitutes during the war years 
has provided a potent stimulus to research on these insecticides. 

Both DDT and gammexane are stable oil-soluble solids and are 
relatively non-toxic to man. Against insects both chemicals may 
function as contact and stomach poisons while gammexane has, in 
addition, a fumigant action. Gammexane has proved the more 
toxic against those insects, such as the housefly, in which a com¬ 
parison has been made (R. Slade, Chtm, Trade J., 1945,116, 279), 
but the toxic properties of deposits of DDT are much more lasting. 
The following examples illustrate a few of the many uses of these 
new insecticides. 

In the field of medical entomology (P. A. Buxton, Trans. Boy. 
Soc. Trap. Med. and Hyg., 1945, 38, 367) great progress has been 
achieved in controlling outbreaks of the human body louse, Pediculus 
humanvs corporis. Adequate measures for killing lice in clothes 
have been available for many years, but it has been difficult to 
prevent reinfestation. Dusting the clothes with DDT will not only 
kill all the lice present but will prevent reinfestation for a week 
or two. The effectiveness of this procedure, when rigidly applied, 
was shown during the Naples typhus epidemic of 1944. An even 
more effective way of utilising the persistence of DDT lies in the 
use of garments impregnated with DDT from solutions or emulsions. 
Such proofed ” garments will continue to kill lice for several 
weeks in spite of repeated launderiag, and their issue to the allied 
armies invading Europe in 1946-46 proved a very successful means 
of combating lousiness. 

The use of DDT holds out great promise as a means for reducing 
mosquito populations; and perhaps even for the eventual control of 
malaria m rural communities. DDT as a solution or emulsion 
when sprayed on water is exceedingly toxic to mosquito larvae, 
but the persistence of such films on large bodies of water under 
natural conditions is very^ variable. When there is insufficient 
time for control by larvioides, as in inilitary campaigns, the control 
of the adult becomes vital. DDT oil sprays dispersed from aero- 
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planes over large tracts of jungle may immediately reduce the 
population of adult mosquitoes by as much as 98 per cent. (A. W. 
Lindquist and W* C. McDuffie, J. Econ, Ent.^ 1945, 38, 545); and 
in addition to killing mosquitoes on the vdng there may be a 
reduction of night-biting Anophelines which are apparently killed 
after alighting on vegetation which has received a DDT deposit. 
In confined spaces the release of mists dispersed by compressed 
gassesj as in the freon bomb,’’ is a highly successful method of 
Irving adults; but-perhaps the most promising and economical 
method for the control of the adult is the deposition of residual 
filmfl of DDT on the walls of houses and other resting-places of 
mosquitoes. Such films have no repellent effect and are highly 
toxic to mosquitoes settling on them. Moreover, this toxicity 
will persist under natural conditions for three months or more 
(see Discussion in Buxton, Zoc. cit). It appears possible that if 
DDT is applied on an extensive scale a permanent reduction in 
the outside breeding population may be brought about. This 
was indicated, for example, in tests against Anopheles quadri- 
mamlatua in rice-growing areas in North America (J. B. Gahan 
and A. W. Lindquist, /. Econ, Ent,^ 1945, 38, 223). This method 
may not be so successful, however, against species of mosquitoes 
which are disinclined to settle on walls, etc., after obtaining a 
blood meal. 

Against domestic pests such as bedbugs which retire to crevices 
and are difficult to reach with ordinary sprays, a residual DDT 
spray offers the only effective alternative to fumigation. The 
toxicity of such deposits depends on the type of surface to which 
they are applied (S- Bames, BvlL EriU 1945, 36, 273); tests 
In infested hou^ and army barracks have indicated, however, 
that a satisfactory deposit wiE remain highly toxic for many months 
(A. H. Madden, A. W. Lindquist and E. F. Knipling, J. Econ, Ent, 
1945, 38, 265). DDT residual sprays do not appear to be out¬ 
standingly effective against cockroaches or crickets. 


DDT has found many uses in the veterinary field. An interest¬ 
ing example is in the control of flies in cow byres and elsewhere 
(P. Si. Annand eZ uL, J, Econ. 1944, 37, 125). Houseflies 
winch ll^ught in with the cattle readily settle on the walls of 
the byre 4^ jcis^tbe killed there by a residual DDT deposit. The 
sfeablefly ^Isp settles on the walls after obtaining a blood 

meal and is kffiad. • Complete protection against 8tonioxys can also 
be ? secured by epraying cattle ^ w DDT solutions, but the initial 


to this fiy>foon disappears. On, the- 

whiph never leaves its host except to oviposit 
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in the dung, an extraiOrdinary reduction in the permanent popu¬ 
lation can be achieved by one DDT spray application to the backs 
of the cattle. Other successful, uses in this field include the spray¬ 
ing of vegetation to eradicate ticks (Annand et al.,. he. cit.) 
its incorporation in . sheep and cattle dips. Tests in this country 
have shown that by combining a DDT dip \rtth a suitable attractant, 
sheep may be turned into a “fly-trap” for the sheep blowfly 
Lrtcilia. The- flies are Idlled by the DDT retained in the fleece 
before they can oviposit {J. B., Gragg, Natwe, 1945, 156, 394). 

The application of the new insecticides to problems of agricul¬ 
tural entomology has given somewhat variable results. . It is clear 
that the toxicity to different insects varies enormously. A fw 
examples may be given, mostly from the extensive American work 
(Annand et al.^ he. eit.). DDT is very toxic to soft-bodied larvae 
such as the cabbage caterpillars Pieris and Avtographa, and the cod¬ 
ling moth (C. Grahahi, J. Econ. Ent., 1945, 38, 272). DDT sprays 
are very successful against the Colorado beetle, Leptinotarsa, and 
against the onion thrips. DDT can be effectively used in com¬ 
bination with a trapping device against the Japanese beetle, PopiMa 
(G. S. Langford, M. H. Muma and E. N. Cory, J. Econ. Ertt:, 
1945, 38, 199). In Europe the residual effect of DDT has been 
shown to be promising in the control of the apple blossom weevil, 
Anthonomus pofrmrvm, which, because of its mode of feeding on 
the flower-buds, cannot be controlled with lead arsenate. On the 
other hand, DDT is of little use against the cotton boll weevil, 
Aniheynomus grandis, or against the Mexican bean beetle, Epilackna ; 
and it is not very poisonous to most species of aphids. Gammexane 
has been used on a large scale in England as a successful substitute 
for derris dusts in the control of the flea beetle, Phylhtreta (Slade, 
he. cit.) and of the poUen beetle, Meligethes, on seed crops. And 
unlike DDT, gammexane is exceedii^ly poisonous to locusts when 
incorporated in baits. 

An aspect of this subject which will probably be studied increas¬ 
ingly is the general effect on animal communities if indiscriminate 
use is made of these powerful new insecticides (V. B. Wigglesworth, 
Athmlie Monthly, 1945, 176, 107). In connection with the use of 
DDT as a mosquito larvicide, it is already known that, as well as 
other insects, DDT will kill fish, tadpoles and smaller aquatic 
organisms if the dosage is sufficiently high (P. M. Eide, C. 0. Deonier 
and Br. W. Burrell, J. Econ. Ent., 1945, 38, 492). In the complex 
communities supported by cultivated plants the indirect effects of 
DDT treatments may be serious. Thus it has often been observed 
that orchards and crop plants such as sugar cane (J. W. Ingram, 
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/, Ewn. Ent., 1944, 37, 144) sprayed with DDT develop outbreaks 
of aphids and red spiders : these pests are resistant to DDT but 
their natural predators are exterminated. 

Little is yet known of the mode of action of these insecticides. 
The rapid collapse and unco-ordinated, drunken movements of 
insects treated with DDT suggest that this poison is acting primarily 
on the peripheral nervous system. After touching one tarsus of 
the housefly with DDT, the effects can be seen spreading to the 
other legs according to a regular pattern; and amputated legs in 
DDT solutions may show sustained twitching movements (E. 
Laiiger, H. Martin and P. Muller, Helv, Ghim. Acta, 1944, 27, 892), 
From the chemical aspect these authors have suggested that the 
CGIs grouping in the DDT molecule is responsible for its lipoid 
solubility, necessary for its rapid penetration through the cuticle, 
while the toxic properties are conferred by the linked j9-ohlorbenzene 
rings. A recent comparison of the toxicity of DDT analogues to 
Oimex and Pediculus has not, however, fully home out this theory 
(J, R. Busvine, Nature, 1945, 156, 169). It is probable that fresh 
advances will be made in the light of our increasing knowledge 
of the insect cuticle. 
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Miscellanea 

The following were elected to be Fellows of the Royal Society 
at the meeting held on March 21 : Agnes Arber; botanist, Cam¬ 
bridge ; Wilson Baker, professor of organic chemistry, University 
of Bristol; G. L. Brown, Medical Research Council; G. R. Cameron, 
professor of pathology. University College Hospital, London; F. 
Dickens, director of research of the North of England Branch of 
the British Empire Cancer Campaign; H. J. EmeMus, reader in 
inorganic chemistry. University of Cambridge ; Sir Frank Engledow, 
professor of agricultme, University of Cambridge; E. B. Ford, 
reader in genetics. University of Oxford; R. A. Frazer, National 
Physical Laboratory; C. D. Gibb, chief engineer, Messrs. C. A. 
Parsons & Co., Ltd.; E. A. Guggenheim, lecturer in chemical 
thermodynamics. Imperial College of Science and Technology ; R. 
HiH, Agricultural Research Council; E. Marsden, physicist, New 
Zealand; W. G. Penney, assistant professor of mathematics, 
Imperial College of Science and Technology ; J. T. Randall, professor 
of physics. University of St. Andrews; R. 0. Redman, chief 
assistant at the Radoliffe Observatory, Pretoria ; A. R. Richardson, 
mathematician, Cape Town; L. Rosenhead, professor of applied 
mathematics, -University of Liverpool; J. A. Sinton, consultant 
malariologist to the War Office; H. H. Storey, plant pathologist, 
Nairobi; H. W. Thompson, University demonstrator in chemistry, 
Oxford; J. W. Trevan, director of the Wellcome Physiological 
Laboratories; L. R. Wager, professor of geology. University of 
Durham; F. M. R. Walshe, physician to the National Hospital, 
Queen Square, London; C. M. Yonge, regius professor of zoology. 
University of Glasgor^. 

Sir Ian Heilbron, professor of organic chemistry at the ImjpOrial 
College of Science and Technology, has been awarded the Priestley 
Medal of the American Chemical Society. This medal is awarded 
every three years for distinguished services to chemistry. ' 

The Gold Medal of the Royal AstronoimS<^ Society has been 
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awarded to Prof. Jan H. Oort, director of the Leyden Observatory, 
for his investigation of the dynamics and rotation of the galactic 
system. A Jackson-Gwilf Medal and Gift has been awarded to 
Mr. H. W. Newton, of the Royal Observatory, Greenwich, for his 
work on the sun, notably on the relation between solar flares and 
magnetic storms. 

Sir Edward Appleton, secretary of the Department of Scientiflc 
and Industrial Research, has , been awarded the Faraday medal of 
the Institution of Electrical Engineers, and also the Trasenster 
Medal of the Association of Engineers of Li4ge. 

Oilier medals whose award has been announced during this 
year molude those of the Geological Society of London: the Wollaston 
Medal to Prof. Emmanuel de Margerie, the Murchison Medal to 
Dr. Leonard Hawkes, and the Lyell Medal to Dr. R. H. Rastall; 
the James Alfred Ewing Medal of the Institution of Civil Engineers 
to Prof.'R. V. Southwell, Rector of the Imperial College of Science 
and Technology ; the' new Henry Stopes Memorial Medal of the 
Geolo^ts’ Association to Mr. A. S. Kennard, retiring President of 
the Association; the Colwyn Gold Medal of the Institution of the 
Rubber Industry to Dr. W. J. S. Naunton, of Imperial Chemical 
Industries, Ltdv; and the Bessemer Gold Medal of the Iron and 
Steellnstitute to Mr. J. S. Hollings,.of Guest Keen Baldwins Iron 
.& Steel Co., Ltd. : 

Mr. D. N. Lowe has been appointed secretary of the British 
Association in succession to Dr. 0. J. Howarth who retires after the 
annual meeting in Jply. , ‘ 

Mr, F. H. Rolt has been apJpointed superintendent of the Metro- 
16^ Division, and Mr. A. Fage superintendent of the Aerodynamics 
Division of the National Physical Laboratory, in succession to Mr. 
«L E. Sears ahd’Mr.'E.. F. Relf respectively. 

Dr. Jtiiian S. Huxley is executive secretary of the Preparatory 
Contmoission of the Dnited Nations Educational, Scientific and 
Cnltflral Organisation. 

, Prof, J. D. Ckjpkcroft is to be director Of thO new Research and 
Deyeio^ent Esiahlfehment at Harwell, Didcot. 

The following University appointments have been announced: 
Dr. L. Aitoheson, profsssor of industrial metallurgy in the University 
nf 'Dirmingham;y ::D^oJ. Allen, Jackson professor of .wgineeiing in 
^ E,rA^by, Harrison professor 

botany in Uiflversity ManAeater i Mr> E. G. Bo^en, 
Gt^ynog t^igeogmphy and antlnopologyaiAe University 

VAbeiyetwyth Dft Fwi ai*Mn| professor of 
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Physics, Canterbury College, New Zealand ; Prof. S. Chapman, Sed- 
leian professor of natural philosophy in the University of Oxford ; 
Dr. V. J. Chapman, professor of botany in Auckland University Col¬ 
lege, New Zealand ; Prof. V. Gordon Childe, professor of prehistoric 
European archaeology in the University of London ; Dr. L. Hunter, 
professor of chemistry at University College, Leicester ; Dr; R. J. 
W. LeEhvre, professor of chemistry in the University of Sydney; 
Dr. J. S. Mitchell, professor of radiotherapeutics in the University 
of Cambridge ; Mr. E- E. Nash^ professor of agricultural economics 
at the University College of Wales, Aberystwyth; Prof.M. H. L. 
Pryce, Wykeham professor of theoretical physics in the University 
of Oxford; Prof. Wilson Smith* professor of bacteriology at 
University College Hospital Medical School; Dr. C. M. White, 
professor of fluid mechanics and hydraulic engineering at the 
Impeiial College of Science and. Technology; Prof. V. C. Wynne- 
Edwards, regius professor of natural history in the University of 
Aberdeen ; Dr. J. P. T. Young, professor of physics in the University 
of Manitoba.- 

We have noted with great regret the announcements of the 
death of the following scientific workers; Prof. T. Barbour, pro¬ 
fessor of zoology, Harvard University ; Prof. H. Bateman, P.R.S., 
professor of mathematics, theoretical physics, and aeronautics, 
California Institute of Technology; Rai Bahadur Sir Upendranath 
Brahmaohari, professor of tropical medicine, Carmichael Medical 
College, Calcutta ; Dr. J. Brittain, director of research on explosive 
projectiles. Royal Arsenal, Woolwich; Dr. E. BuUook, secretary 
and registrar of the Royal College of Veterinary Surgeons ; Prof. 
E. 6 . Coker, E.R.S., emeritus professor of civil and mechanical 
engineering,, University of London; Mr. Erank Crowther, chief 
plant physiologist, Sudan Government; Prof. A. E. Dixon, emeritus 
professor of chemistry in the National University of Ireland; 
Prof. J. V. Dnbsk^, professor of analytical chemistry in the Masaryk 
University of Brno ; Major S. S. Elower* O.B.E., formerly director 
of the Zoological Gardens, Giza; Prof J. E. S. Erazer, emeritus 
professor of anatomy hi the University of London ; Prof. J. Stanley 
Gardiner, E,R.S., WEneritus professor of zoology. University of 
Cambridge; Prof. E. S. Goodrich, E.R.S 4 , emeritus professor of 
zoology, University of Oxford; Prof. A. Wv Grabau,, profe^r of 
palaeontology in the National University of Peking^-irLfent.-GoL 
S. P. Jtones, C.M.G-, E-R^S., past-president of the Royal'Society of 
Tropical Medicine and Hygiene; the Rt. Hon. Lord E^ne 3 , G.B., 
economist; Dr. E. W. LanohestOr, :E.R.S,,:: oonsnlting Orgineer ; 
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Prof. 6. K. Lewis, For. Mem. R.S-, professor of chemistry in the 
University of California ; Mr. G. M. Lloyd, economist; IVfr. A. H. 
D. Markwick, soil engineer; Dr. P. R. C. Reed, geologist, Cambridge; 
Mr. R. C. Shannon, entomologist; Sir Harold Stiles, emeritus regius 
professor of clinical surgery in the University of Edinburgh ; Prof. 
R. Stockman, emeritus professor of materia medica and therapeutics 
in the University of Glasgow; Mr. H. Wright, metallurgist. 

' Two important conference between delegations from scientific 
societies and associations throughout the Empire are being held 
during the period June 17-July 20. First is a conference arranged 
by the Royal Society, which opens in London on June 17, moves to 
Cambridge on June 22, goes to Oxford on June 29 and concludes 
in London on July 6. It is followed immediately by an Official 
Commonwealth Scientific Conference to be held in London from 
July 9 to July 20. A Review Conference, arranged by the Imperial 
Agricultural Bureaux and postponed from 1941, will also be held 
during the period July 9-July 27. The Royal Society Conference, 
which is to be opened by His Majesty the Bang, is intended to provide 
an opportunity for exchange of views upon scientific problems of 
immediate practical importance to various parts of the Empire 
and to discuss means of achieving the greatest practicable measure 
of collaboration between scientiste in various parts of the Common¬ 
wealth in the solution of these problems. The Official Conference 
which follows will consider the detailed measures to be taken to 
organise collaboration in research of direct interest to the governments 
concerned. 

The Conferences owe their origin to the recommendations of 
an infoimar committee appointed by the Royal Society in 1941 to 
consider post-war collaboration wit!^ the Commonwealth and wdU 
consider, as* part of their agenda, the possibility of setting up a 
permanent office in London on the lines Of the British Central 
Scientific Office set up as a war measure at Washington in 1941 
for the interchange*' of scientific information between the United 
Kingdom and the United Stat^ of America. Both Conferences are 
primarily intended for the discussion of administrative problems, 
but during the evenings the delegates to the Royal Society Coxi’ 
ferances wffi for-informal dk of purely scientific 

problems. Coltebdratibn in scientific matters is no less important 
for the fetum weiLbe^ of the members of the Commonwealth than 
eplfabora^^ defence and forei^ policies. The 

del^ates are assin^ sincere welcome and equally sincere wishes 
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The Science Masters^ Association held its Forty-third Annual 
Meeting at the City of London School from April 15 to April 18, 
over 600 members being present. 

In his Presidential Address, Prof. E. N. da C. Andrade, F.R.S., 
gave a stimulating account of the ‘‘ Rise of Modern Science,’’ and 
concluded with a plea for the teaching of more History of Science 
in the schools. Prof. H. S. W. Massey, P.R.S., lectured on Atomic 
Energy, and the Bishop of Truro on “ The Scientist and Worship;” 
Dr. C. L. Wilson urged the introduction of small-scale: methods into 
the School Practical Chemistry Courses, and Dr. A. E. Alexander 
explained how the techniques of “ Surface Chemistry ” have been 
applied to various chemical, physical and biological problems. 
Dr. C. H. Waddington discussed the aspects of Biology which might 
be considered as fundamental. Dr. George Salt dealt with the 
importance of field work in this branch of Science, and Mr. F. J. 
Anscombe showed how statistics might be introduced into the 
School Science Curriculum. Mr. Ritchie Calder took as his subject 
‘‘ Science and the Press.” 

Mr. H. E; Dance, H.M.I., demonstrated the effectiveness and 
economy of the Film Strip as a teaching aid, and Mr. Richard Palmer 
discussed the place of Broadcast Talks in Science teaching, with 
recorded extracts from past talks to illustrate his points. A dis¬ 
cussion on ‘‘ The Effects of Examinations upon Science 
Teaching” was opened by Mr. J. L. Brereton and Mr. J. A. 
Lauwerys. 

At a Joint Meeting with the Illuminating Engineering Society, 
Mr. W. R. Stevens and Mr. S. S. Beggs gave a demonstration lecture 
Light and Your Eye,” which was remarkable for the range and 
ingenuity of its experiments. Co-operation between the two soci¬ 
eties in the future may result in demonstrations of this type being 
available for use in schools. 

The extensive exhibition of apparatus and experiments devised 
by Members of the Association was of great interest, and a display 
of School Note-books and home-mad© WaU Charts was a welcome 
innovation. Scientific Instrument Manufacturers and Educational 
Publishers co-operated in making the Meeting a valuable and 
stimulating experience. 

loMne Facts for April 1946 (pp. 96-f 1 maip. Iodine 
Educational Bureau, Stone House, Bishopsgate, London, E.C.2) 
is entirely devoted to a discussion of; goitre inwall its aspects. As 
is well known simple goitre is mainly an iodine deficiency di^se. 
The thyroid exercises its physiological effects throiigh thyroxine, 
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formed in the gland from iodine taken in from the blood-stream 
and released, possibly in a changed form, into the blood as required. 
In the absence of an adequate supply of iodine the epithelial cells 
lim'tig the follicles of the gland expand and, with continued shortage, 
a h 3 rperplastic process occurs. The cells multiply and may ulti¬ 
mately fill the follicular spaces, converting the whole gland into a mass 
of ftmotionless cellular tissue and causing myxcedema. The quantity 
of iodine in the whole human gland is very small—only about 10 
mgm. and hyperplasia occurs when the weight falls below about half 
this value. There is evidence, however, that iodine deficiency is 
not tho only cause of goitre, e.g. arsenic, fluorine, calcium and an 
unknown substance contained in cabbage act as goitrogenic agents 
when present in abnormal relationship to other constituents of diet. 
The obvious remedy for incipient goitre is the use of iodised salt, 
and statistics show that the addition of small quantities of potas¬ 
sium iodide to common salt can cause a remarkable diminution in 
the incidence of the disease. Use of iodised; salt commenced in 
the Canton Vaud, Switzerland, in 1924, when 77 per cent, of the 
population was affected; by 1937 this percentage had been reduced 
to 21. Over the same period the corresponding figures for the 
population of Lausanne were 66 per cent, and 1 per cent. Equally 
good results have been obtained in the U,S.A., for example, in 
Michigan State, where 38-6 per cent, of the school children showed 
signs of goitre in 1924 and only 2*9 per cent, in 1936. The intakes 
of iodine recommended in various countries differ a good deal but 
are, in afl cases,, vary minute.;,;to U.S,A., which has adopted 

the large^ intake, it is only 0'182 gm, per year ; in Switzerland it 
is 0-027 gm^, and in Poland 0-013 gm. It is estimated that in 
En^and and Wales,alone there are some 600,000 cases of thjrroid 
enlargement in x>ersons of ages 2-20 inclusive, and in view of these 
figures, the Goitre Sub-Committee of the Medical Research Council 
of. Gneat Britain reconunanded that a trace^ of iodine should be 
add^ to all the common salt consumed in the British Isles. So 
far no effect-has been giyen to the recommendation, v 


r. The cjf Scientijk In^iamments for AprE 1946 contains 

an interesting paper by K. HoseUtz, of the Permanent Magnet 
Association, Sheffield, descriptive of old and new alloys suitable foir 
permanent, ijSfid of, consequential changes to: manufacture 

:^d design,, ft isidf^itabl© to design a permanent magnet so that 
tlie total energy: of.tire, field in th© gap is a. ma:pmum, and it may 
P- ;t^t) le^age, this mimgy is proportional to 


told 3* i arq ; the toductkmr and; field, to the 
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magnet and V„ the volume of the magnetised material. Thus the 
working point should be such as to make a TnaYiTrinTn , and 

the alloy used should give as high a value for tliis product as possible. 
The older" alloys—chrome and timgsten steel—gave values of the 
product in the neighbourhood of 2-9 x 10® with coercivity (Hj) 
about 70. The values for cobalt steel increase with the cobalt 
content and, for the percentage composition C = 0-9, Cr 3-6, 
W 6-^6, Co 36j the product is 9-5 X 10 ® with Hg = 250. In 1931 
Mishima discovered the properties of the iron nickel aluminium 
alloys, and of these alnioo (A1 10; Ni 17, Co 12, Cu 6) gives 3^11^ 
17 X 10® and Hg 500. Later, in 1938, Oliver and Shedden {J. Sci^ 
Inst., 15, p. 193) showed that, by allowing these alloys to cool in 
a magnetic field, the value of is much increased in the direc¬ 

tion of the field and much diminished in perpendicular directions. 
Alnico V (A1 8, Cr 14, W 24, Mo 3) gives == 525 and B„jH„ = 
40 X 10® along the line of the field, but only 300 and 4 x 10® per¬ 
pendicular to it,' while Alcomax 11, which differs from Alnico V 
only in containing 11 per cent. Cr and 6 per cent. Mo gives Hg = 470 
and B„,H„i = 43 sX 10® along the field. In passing it may be 
remarked an alloy of 23 per cent. Co and 77 per cent. Pt gives Hg = 
3650 and B„tH„, 46 x 10®. The new materials make it possible to 
use a much smaller length/oross-section ratio than was previously 
possible. Horse shoe magnets are made with a short bar of the 
magnetised alloy at the crown of the U and with limbs and pole-pieces 
of soft iron. Why the iron nickel aluminium alloys should have 
such a high coercivity is not fully understood ; but it is certainly 
dependent on conditions of high internal strain in the lattice struc¬ 
ture. The alloys are very difficult to work and desired shapes 
must be produced by casting, or for small and intricate designs, 
from sintered powders. By this latter means bar magnets 
only 0'08 in. long add 0'61 sq. in. cross-section have been 
made. ' 

The BeU System Technical Jovmal, Jviy-^oi. 1945, contains a 
long and impressive; paper by B. O. Mindlin <m ihe ByTiamics of 
Package. Cushioning. It occupies 190 pages of the Journal with 
over 4 pages devoted to definitions Of the symbols employed. Tte 
investigation, which is largely mathematical, was intended piipaliii^ 
to determine the. detign of packages for large vacuum 
the formuiss obtained, and the ourves plotted from 
to any form of mbuntmg intended, to protect eqmpntent'jfreiia.i 'lfe 
effects of sudden change of velodty- ^ Asimple^«s:^^^h^'t^tiBd 
of problem oontiddred is given •m 'th^ iStB«<part 
define the tension spring; fin a 
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not to exceed 35 gr in a 5-foot drop.” The treatment cover's packag¬ 
ing systems with linear, cubic, tangential, bi-lihear, hyperbolic and 
anomalous elasticity. 

The same number of the Journal contains an account of a lecture 
by J. R. Pierce, dealing with Physical Limitations in Electron 
Ballistics. Limitations to the production and use of electron 
beams, in which both small and large currents are required, are 
considered. Electron microscopes use beams of the low current 
type, and the resolving power obtainable is limited by unavoidable 
aberrations produced by the electrostatic or magnetic lenses. The 
least distance between two points which can be resolved by a 
microscope is directly proportional to the wave-length of the radia¬ 
tion and inversely as the numerical aperture. The wave-length of 
30,000-volt electrons is about 1-2 x 10“® times that of sodium light, 
but the numerical aperture cannot be made greater than 0-01 
while that of an ordinary microscope "with oil immersion is about 
1-4. Thus aberrations Ihnit the smallest detail resolvable by the 
electron microscope to 1/1000th of that of a microscope using 
visible radiation. In the cathode ray tube it is. necessary to con¬ 
centrate a large current electron beam on as small area as possible 
on a receiving screen. This area is eidarged by the thermal velocities 
of the electrons leaving the heated filament since these velocities 
have components perpendicular to the direction of the beam. 
Eurther limitations are imposed by the space charges and the diffi - 
culty of dissipating the energy of the electrons when they are 
suddenly stopped. 

The ReB Laboratories Record, maintains the high standard for 
which it was distinguished before the war. Selecting two or three 
ftom the many , interesting articles which have appeared this year 
we may note a description of “Duplex” quartz crystals in the 
Eebruary number. These are small quartz bars which can be made 
to vibrate in the fundamental transverse mode with two nodes each 
0-^4 of the length of the bar from the nearer end. This ts^pe of 
vibration cannot be exerted electrically in a single bar, but by bond¬ 
ing two thin rectangular plates together, one on top of the other, 
with a thin metallic interfacial layer and applying an alternating 
potential difference to the outer faces it is possible to make one 
. plate contract.:while the other expands, thus producing the desired 
altenmtmg pmrcaturest ; The device is used to give relatively low 
fiequenCies, e,gE. frmn 1- to 10 kc. per sec. The March issue includes 
an interesting .j^per by R. M. Bozorth, describing the. effects of 
.Bress on the magnetic properties of iron, nickel and 68 permalloy 
v^.e.:an, a^y ccmtaizfing; 68^^ cent, nick^-and 32. per , cent, iron). 
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Stress, in particular tension, affects the alignment of the small 
saturated magnetic domains and so has a marked effect on the shape 
of the hysteresis curve. Permalloy, for example, becomes saturated 
at much lower fields ; for nickel higher fields are required ; for iron 
the effects are rather complex. With increasing tension and con¬ 
stant field strength the induction of 68 permalloy increases till the 
elastic limit of the material is reached and then diminishes almost 
to zero. The effect is not small, for in the example given with 
H = 0*1 oersted and zero stress B was about 2000 gauss ; increasing 
the stress to 10 kg. wt. per sq. mm. caused B to increase to 12,800 
gauss (i.e. almost the saturation value), while on doubling this stress 
B fell sensibly to its initial value The April number of the Record 
contains photographs and a short description of the Bat,” a 
radar-controlled glided bomb cairrying half a ton of expolsive, which 
is guided to a target by radio waves emitted by the glider and 
reflected back to it by the target. Many thousands of such bombs 
were manufactured, and it was used with success against shipping 
in the Japanese war. 

Dr. Alexander Wood has written a very pleasant and informa¬ 
tive little book describing the genesis and growth of the Cavendish 
Laboratory (Cambridge University Press, pp. 58 -f* 8 photographs, 
1946. Price 2^. 6d.), which should be much appreciated both by 
those having a personal interest in the Laboratory and those inter¬ 
ested in the human side of the development of modern physics. 
It is strange, however, that in his account of the origin of the Labor¬ 
atory Dr. Wood should mention Clifton’s Laboratory at Oxford 
and ignore the Physical Laboratory at University College, London, 
where routine teaching in practical physics was provided for the 
first time under the direction of Carey Poster in the session 1866-67 
five years before the Cavendish professorship was founded and 
eight years before the Cavendish Laboratory was available for 
partial occupation. There is an authoritative account of the 
development of the Laboratory during the period in which J. J. 
Thomson and Rutherford brought it world-wide fame, and the 
story closes with the building of the extensions rnade possible by 
the gift of £260,000 from the late Lord Austin. These, which include 
a High Tension Laboratory and a four-storied Research Wing, 
were occupied by the Government during the war, but are now 
available for their proper use. 

Arthur Stanley Eddington Memorial Lectureship 

Arthtir Stanley Eddiii^on was one of the few recent scientific thinkers of 
the first rank who have attempted to thmk out a view of the world which 

SS \ 
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would do justice to all fields of knowledge and experience. Of world-wide 
fame as an astronomer and mathematician, he combined great powers of 
scientific and philosophical analysis with a deep religious faith and a practical 
mysticism which found expression in his active and life-long membership of 
the Society of Friends, and in his intense concern for the ways of peace. 
These qualities, together with his humility and simplicity, made it possible 
for him to understand the needs and perplexities of ordinary thinking mon. 
And the simple and vivid style in which he lectured and wrote enabled him 
to communicate to non-specialists an appreciation of the essence of scientific 
thought as wen as of some of the most recondite advances in physics and 
astronomy. What makes Eddington such an important figure in contem¬ 
porary thought is not that the s 5 moptic view of the world which he put forward 
is necessarily the one which will ultimately be foxmd to be nearest the truth, 
but that he saw that a synoptic view was necessary, and that we cannot be 
content with a depajiimentalisation of knowledge in which science appears 
to be disconnected from the other fields of human enquiry—^philosophical 
and religious. 

We desire that there should be for Eddington a fitting memorial—one 
that would maintain and further his own concern for relating the scientific, 
the philosophical and the religious methods of seeking truth, and which 
would help to develop that insight into the unity underlying these different 
methods which was the characteristic aim of his work. We believe that the 
foundation of an Arthm Stanley Eddington Memorial Lectureship, providing 
for periodical lectures on some aspect of contemporary scientific thought 
considered in its bearings on the philosophy of religion or on ethics, to be 
delivered in Cambridge or elsewhere and to be published, would be well 
calculated to achieve this object. 

To establish this memorial lectureship will require a capital sum of about 
£2,600. An Appeal Committee has been formed in Cambridge to receive 
subscriptions, which may be sent to Barclays Bank Limited, Cambridge, for 
the credit of “The Axthur Stanley Eddington Memorial Lectureship’* 
account, or to the Hon. Secretary, Dr. W. H. Thorpe, Jesus College, Cambridge, 
or to the Hon. Treasurer, Howard Diamond, A.C.A., 45, St. Barnabas Road, 
Cambridge. The Hon. Secretary will be pleased to send to those interested 
details of the plan proposed for administration of the Lectureship for which 
the Royal Society, Trinity College, Cambridge, and the Society of Friends 
have agreed to appoint Trustees. 

We warmly commend this appeal. 

Josurn BAscmoFT WmsoN Habbjs Hilda STuaoB 

E. W. Birmingham G. B. Jeffery W, H. Thorpe 

Max Born Martin Johnson Henry T. Txzard 

R. B, BbaithWAITE Rufus M. Jones G. M. Trevelyan 

W. Maude Brayshaw Harold Spencer Jones Elsie Watohorn 

G. A. Chase Kathleen Lonsdale A. N. Whitehead 

Henry Dale E. J, Maskell Edmund T. Whittaker 

Howard Diamond A. Victor Murray Alex. Wood 

Herbert Dingle C. E. Raven H. G. Wood 

Winifred Eddington F. J. M. Stratton 



ESSAY REVIEW 

THE IMPACT OF CHEMISTRY ON CIVILISATION. By V. W. 

Slateb, B.Sc., F.R.I.C., M.I.CJhem.E. Being a Review of What 
ludustry owes to Chemical Science. Third edition. Issued with 
the Authority of the Council of the Royal Institute of Chemistry. 
[Pp. viii + 372, with 13 plates.] (Cambridge : W. Heffer & Sons, Ltd., 
1945. ISs, net.) 

It took a world war to make British industry, both chemical and 
non-cheiiaLical, realise the value of chemical science; a series of 
articles on What Industry owes to Chemical Science^ by Richard B. 
Pilcher and Frank Butler-Jones in The Engineer from December 
1916 to July 1917, gave an insight to the general public into the 
contribution which chemists were then making in all- branches of 
indiMtry. These articles were published in book form in 1918 with 
a minor revision in 1923. The second world war has given more 
emphasis to physics, but both between the wars and during the 
second chemistry has continued to play an important part in the 
adaptation of industry to the growing needs of modern civilisation. 
Industries which were more or less stationary for centuries have 
changed rapidly and new processes have become outdated almost 
before they were in full production. The advance has been great 
beyond all imagining and broad indications of this have already 
been given in Stejphen MiaU’s History of British Chenucal Jrhdmtry, 
1931, and G. T. Morgan and D. D, BmWs British Chemical Indus¬ 
try 1938. For some years there hhs been a demand for a third 
edition of What Industry owes to CTmmcal Scie'ncei this time by 
over fifty contributors and issued by authority of the^ Royal Insti¬ 
tute of Chemistry. To call it a third edition is a necessary courtesy 
to the original authors who formulated the scheme; the book is 
substantially a new work. r 

The chemist is no longer confined to the chemical industry nor 
to his laboratory. This is well illustrated throughout the book by 
references to his work in the many aspects of a firm’s activities: 
a watchful eye is kept on fiiel consumption, water supply and 
effluent disposal, on materials of construction and on the welfare 
of the worker. Chetnioal engineering and biochefrdstry are other 
branches of his work. Then again the contribution o£ lienee is 
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not only utilitarian and economic, but may be aesthetic : the cos¬ 
metic industry ‘‘ owes its position to the artistic utilisation of the 
discoveries of chemical science/’ 

The first impression on looking at the contents page was that 
the book was a mere catalogue—a heterogeneous collection of such 
an array of subjects presented by so many writers to a non-scientific 
public as to suggest an unsatisfying fist of unadorned achievement. 
Such, however, is not the case as the reader will rapidly discover 
in the first few chapters, and, in fact, one’s interest is held through¬ 
out the work by the story of the contribution of chemistry to 
industry—^to all phases of human activity—so interwoven into our 
lives that we begin to wonder how any civilisation could have 
existed without it. In the chemical industry itself “it is not too 
much to say that the maintenance of the standard of daily life is 
largely dependent on adequate supply of such substances ” (technical 
chemicals). 

The study and practice of chemistry has enabled man to make 
better use of chemical substances provided by Nature, and to aug¬ 
ment the production of, or reproduce artificially, such substances 
ta meet a need greater than natural supply. Thus many drugs 
such as quinine, morphine, digitalin, caffeine, atropine, cocaine, 
have been isolated from former herbal remedies. Plants and 
animals provide a variety of products for which industry can find 
greater use after their refinement by chemical processes : e.g, oils, 
fats and waxes used for soap manufacture, for paints and for edible 
purposes, and cellulose from wood as the starting-point for a range 
of products from paper to lacquers. Coming to inorganic chemicals, 
to give typical examples only, crude barytes is bleached to a fine 
white pigment, sodiuna nitrate is separated from the crude caliche of 
Chile and pure oxygen is obtained from the atmosphere. Chemical 
science has recently introduced a process to obtain drinking water 
from sea water by the use of barium and silver zeolites, success^ 
fully us^ by airmen forced down over the sea dming the war. 
The limited supply of natural silk has been met by the self-con¬ 
tained chemical industry for the production of rayon. Vitamins 
have been isolated, identified and synthesised. Penicillin is a 
notable recent example of the discovery of a specific use for 
a natural product and the cheihist’s success m establishing its 
large-scale production. Adrenaline, Nature’s drug for raising the 
blood pressure add first isolated from the adrenal glands, has been 
synthesised from oatechol, derived from benzene, 
r; It ^ probably of substances which do not occur 

mc^ spectaciflar advance has been 
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made. Man has outdistanced Nature in the range of sulphonamides 
for specific bactericidal use, and in the cocaines ” each with its 
specific application in local anaesthesia. Stainless steels are other 
examples in an entirely different sphere and to this may be added 
the whole range of plastics and synthetic resins. There is hardly 
an industry which is not now dependent more or less on chemical 
science : materials for roads and building, laundering, treatment 
of timber, textiles, metals and alloys, paints—^the contribution to 
all these is evidenced by the Research Associations supported by 
the industries concerned and by the Gk)vemment. Such is the 
heterogeneous background from which the contributors have been 
selected to present a coherent story of the impact of chemistry on 
modern civilisation. . 

The opening chapters of the book show how food is produced 
with increased yield, how it is preserved, transported and storedi 
how" its nutrition value is augmented. Thus we read about fer¬ 
tilisers and feeding-stuffs, water, bread, milk, edible oils and fats, 
sugar and beverages, together with canning and cold storage. The 
story of the fixation of nitrogen in a later chapter (Heavy Chemicals) 
is of special interest at this period of world food shortage. We are 
reminded that in 1898 Sir William Crookes, in a notable address 
to the British Association, brought home to the scientific world the 
fact that unless some method was devised of fixing nitrogen firom 
the air into a plant assimilable form or there was a halt in the rate 
of population increase, food shortage and even starvation were in 
front of mankind as a whole,” The first commercial attempt as 
early as 1842, in France, converted potassium carbonate to the 
cyanide. Then came the cyanamide process leading to ammonia. 
We read of the electric discharge method for nitric acid and finally 
the Haber-Bosch process for the direct production of ammonia 
from nitrogen and hydrogen at high pressure in the presence of a 
catalyst. The sections on driigs, disinfectants and antiseptics show 
how pain, discomfort and death have been retarded by chemical 
science. Clothing and shelter have been provided for a wider public 
by advances in chemical knowledge described in the sections on tex¬ 
tiles, leather, cement and paints. It is also interesting to read 
how much paper, printing inks, pencils and photography as means 
of communicatioh, dupEcation and rewrding owe to the' science. 
The final chapter, Transport,’^ gives a picture of the chi^^ 
testing fuels, countering corrosion in shij^, preventing fires, sup¬ 
plying anti-freeze for car radiators and gen^:4Ey 
materials of construction for all means of tramport itur sea; 

reference to airoraft is given elsewhere in'the b^fc. ' 
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With so many writers the standard naturally varies from chapter 
to chapter. The supervision by the Publications Committee of the 
Royal Institute of Chemistry has ensured that no section is unduly 
laboured and a lai^e amount of material has been compactly 
arranged into a relatively small space. There is a little duplica¬ 
tion, but not enough to matter. The history of the dyestuffs 
industry with the work of Hofmann, W. H. Perkin and J. P. Griess 
is given under “ Dyestuffs ” and imder “ Bleaching, Dyeing, Print¬ 
ing and Pinishing.” The story of the discovery in 1820 of quinine 
by Pelletier and Caventou with its subsequent allied developments, 
and of the introduction of organic arsenical compounds by Ehrlich 
in the section on “ Drugs,” are repeated under “ Technical and 
other Chemicals.” The section on textiles deals mainly with the 
application of research to industry and might have served as a 
general introduction to the whole book. 

Covering such a wide field it is to be expected that some false 
ideas will be repeated. This is presumably where the writers have 
had to rely upon literature references instead of having personal 
experience. It is also evidence of the danger of using patent 
specifications as scientific documents. To give specific examples; 
hydrogen peroxide is not prepared by industry from barium peroxide 
and carbon dioxide-r-suoh a proems was patented by Askenasy in 
1928 but was never developed on a large scale ; nor could per- 
sulphates, which can cause dermatitis, be used for “ toilet purposes.” 

A fair proportion of each section is devoted to historical develop¬ 
ment, extremely useful as showing how industry 1^ reached its 
present pt^diion and how it may be further influenced by chemistry 
in the foture. Useftd bibliographies are given at the end of each 
ehapter, but it is a pity that these are not dated as, in some oases, 
they are old and have been superseded by more recent work. The 
illustrations are portraits of thirteen men of renown, each of whom 
has been a pioneer in a particular field layix^ the foundation of a 
new branch of chemical or allied indratry. They are aptly chosen 
and sometime intfinde a facsimile signature. 

The book does not Cater for the specialisb in any partaoular 
industry, but rather gives him an insght into other branches, .just 
SB it giv^ ^e intelligettt geiimal.retttor a reliable and interestiug 
survey of all branehesi This is especially valuable now that scien- 
tffle ^mwkdge has f^come 80 complex that individuals are more 
and oOTupeUed to in iwstrieted fields. This book is 
free the failmg of other works of ite kind,in its 
togM to actual praotioe and it can be 
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Waveform Analysis. A guide to the interpretation of periodic waves 
including vibration records. By B. G. B.Sc. [Pp. xii + 276, 

with 103 figures, including about 150 waveforms, and 39 tables.] 
(London: Chapman & Hall, Ltd., 1946. 21^. net.) 

This book is designed to give practical and theoretical aid to those who 
have to analyse large numbers of waves containing a small number of 
harmonics. Three main methods are discussed. 

The Envelope Method, —^This was developed by the author for the analysis 
of waves containing two or three harmonics. Smooth curves are drawn 
through the peaks and troughs, to find a low-frequency surge or remove a 
high-frequency ripple ; beats are analysed by examining the distribution of 
the peaks and variations in amplitude of the oscillations, and so on. The 
theory of the method is carefully worked out, and its power within its limited 
scope is amply demonstrated by a number of interesting examples. 

The Method of Superposition. —^This involves the elimination of certain 
of the harmonics by adding or subtracting different parts of the ctirv© in 
order to find the remaining harmonics, and can be carried out graphically 
or numerically. 

The Numerical Method of Harmonic Analysis, —This consists of fitting 
a trigonometrical polynomial through a finite number of points of the curve 
or, what amounts to the same thing, approximating to the Fourier coefficients 
by mean values of the type , 

2 cos 

'V .5=1 ‘ 

The author begins with a thorough discussion of the synthesis of curves 
composed of two or three harmonics. There is a chapter on Fourier series, 
a brief account of the Lissajou figures, and some practical hints on mechanical 
processes. 

The reviewer has only a few minor criticisms to make. 

On p. 56 the fact that the sum of two unsynmietric functions be 
symmeiric is overlooked. The distinction shoiffd rather be between sym¬ 
metric and skew-syinmeiric 

On p. 175 the author appe^ to say that the Hurwitz-Liaj^unoff (or 
Parseval) theomm breaks do\ria if the function is <h^ontinuQi3^ when^ 
fact it holds so long as the square of the function is mtegrable. ‘l^e ea^tfaha- 
tion is that he first considers meem squaio convergence, ; 

'V/. i y.' 
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and later essentially uniform convergence. The former property holds 
even when the Gibbs phenomenon is present. 

On pp. 253-6 there is a sketch proof of Poisson’s theorem that 

lim y^An(x) r« = + 0) +/(a; - 0)} 

whenever the right-hand side exists. This does not in itself prove Fourier’s 
theorem since the convergence of £An(x) is not established. 

The reviewer would have liked to see. a complete proof of some version 
of Fourier’s theorem. For example, if the curve is sufdoiently smooth 
(apart from discontinuities) for Dirichlet’s formula for the partial sums to 
be integrated by parts it is easy to show that the Fourier series converges. 
A proof of this character would be sufficiently general for practical purposes 
and at the same time remove some of the mystery surrounding the theorem 
in elementary books. 

The mathematics is presented with great care and attention to detail, 
and the book is written in an easy and readable style. The printing is 
excellent, the diagrams well drawn, and the reviewer found only one misprint. 

L. S. B. 

Advanced Mathiematics for Technical Students. Part I. By A. 
Gbahy, M.A., M.Sc., H. V. Lowby, M.A., and H. A. Hayden, 
D.Sc. [Pp. viii -{- 419, with 262 figures.] (London: Longmans, 
Green & Co., 1945. 12^. 6d.) 

This book, which is Vol. I of a two-volume course, covers the work correspond¬ 
ing roughly to the mathematics for Part I of the Engineering Degree Examina¬ 
tion of London University, with the addition of some co-ordinate geometry 
and eienientary differential equations. The book is also suitable for students 
prepa,ring for Higher National Certificate in Engineering, but in many places 
includes work not'uaualiy covered by such students. Naturally some previous 
knowledge is assumed. 

The book contains much that is excellent, the subject matter is attrac¬ 
tively presented and the diagrams are neat and pleasing to the eye. Among 
the sections to be highly commended are the section on complex numbers, 
including the applications of complex numbers to electrical engineering, and 
thfe section on approximate integration which is one of the best that has been 
written on this subject. 

The order of the ci^pters and the relative importance given to some 
sections call for criticism. The approximate solution of equations, one of 
the tools of the technician, should appear at an early stage and applications 
be made wherever possible throughout the book. Nearly 100 pages separate 
the applications of integriation froin inte^ation itself. Curvature (including 
the length of curves) finds itself sandwiched between two chapters on co¬ 
ordinate geometry. The chapter bn complex numbers appears too late. 
The co-ord^^ g^i^try which occupies a large part of the book is confined 
almost entirely 'the straight line and conic sections, much of it of a highly 
ao^eimc chamofe, as instanced by the work on pole and pol4r. A more 
genei^ treatment of the properties of curves would be more useful to the 
average engineer. 
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PHYSICS 

Experimental Electronics. By Rauph H. Mui/Ler, R. L. Garman 
and M. E. Db-oz. [Pp. xvi + 330, -with 177 figures.] (London: 
George Allen & Unwin, Ltd., 1945. 21^. net.) 

The time is long since past when the study of electronics was the concern 
only of the communication engineer and the physicist, and, to-day, electronic 
instnnnents are being increasingly used in almost every branch of science. 
During the war years, university instruction in electronics, in this coimtry, 
has been dominated by the needs of the armed forces, and many universities 
are, at the present time, reorganising their courses in order to cover the much 
wider field of peace-time applications- The book under review, first published 
in the United States in 1942, is therefore particularly welcome, since it is 
written by three members of the Chemistry Department of New York Univer¬ 
sity and is concerned exclusively with the non-communication uses of elec¬ 
tronic devices. 

After an introduction, which deals with the elements of circuit theory 
and gives some useful information on radio components, successive chapters 
are devoted to triodes, photoelectric cells, power supplies, multi-electrode 
valves, gaseous tubes, valve voltmeters, amplifiers, oscillators and <iathode- 
ray tubes. The approach to the subject is essentially practical, and the book 
contains full descriptions of some seventy experiments which the reader 
may carry out for himself. It is safe to say that anyone, who works intel¬ 
ligently through these, will have gained a very useful knowledge of electronic 
instruments. The use of mathematics is avoided, but numerous footnotes 
and general references at the end of each chapter refer the reader to original 
articles and standard text-books where detailed mathematical treatments 
may be foimd. The subject matter is thoroughly up-to-date and the book 
can be unreservedly recommended to anyone interested in electronics. 

c. w. o. 

An Introduction to the Theory and Design of Electric Wave Filters. 
By F. ScowEnr, B.Sc., A.Inst.P. [Pp. xi 4- 164, with 60 figures.] 
(London; Chapman & Hail, Ltd., 1945. 155. net.) 

It is fortunate that Mr. Scowen has chosen to write a thoroughly practical 
elementary treatise on the subject of electric wave filters, for whilst the basic 
theory of tl^ subject may readily be obtained firom several sources, data 
relating to practical design are scarce. 

However, it must not be thought that the author has neglected basic 
theory; in fact, his book contains three chap^rs written specifically 
supply the requisite ground-work. These are headed Mathematical Intro¬ 
duction, Electrical Introduction and Introduction to the Ladder Network. 
They are followed by nine sections devoted to the classical theory of con¬ 
stant lb and J»-derived filters. 

In tlie reviewer’s opinion, however, the most important part of Jhe boc^ 
is contained in the last seven sections, which give practical desi^ ioforma^on 
including the use of templates and a valuable disoussionon the p?bpeitias 
of actual oirpuit elements. This section is particularly weto^^ 
although the classical theory of electric wave filters the ;exlsto of 

ideal circuit elements^ con^jaratively few writer dis(nj^^^i^ 
constructii^ such networks from c^uit elem^ts wliich are^ idea}. 
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In the last section there is a useful description of methods of measuring 
the chetracteristics of filters. 

Finally, there is one criticism which should be made about the bibliog¬ 
raphy. Although the author makes a remark in his preface to the effect 
that too few articles are published describing the new work that has been 
done on electric wave filters, he omits any mention in the bibliography of 
the most important recent contributions, notably those of Cauer, Cocci and 
Piloty. 

G. S. B. 

Modern Petrol Ehginee: Witli Special Reference to Automobile, 
Aircraft and Stationsiry Types. By Abthxjb W. Judge, A.R.C.S., 
D.I.C. [Fp. viii 4- 509, with 304 figures, including 8 plates.] (London : 
Chapman & Hall, Ltd., 1946. 36^. net.) 

The petrol engine has been increasingly popular since its first introduction, 
and to those who remember it in the days of tube-ignition and automatic 
inlet-valves its development has been remarkable. Its cycle of operation 
has remained unaltered, but in reliability, fuel economy, and power-output, 
the modem petrol engine has reached such a high state of perfection that no 
major improvements are to be expected. The book vmder review shows that 
this is the result of scientific research into the complicated process of com¬ 
bustion, and to metallurgical research which has produced special steels 
and light alloys. 

The title of the book gives no indication of the value of its contents ; it 
is defibnitely not an elementary work. Theory and practice have been so 
successfully combined that the book will be of great value to engineering 
students of National Certificate Standard and to university students in 
inechanical engineering who imy wish to specialise, in intemal-combustion 
engineering. Designers and draughtsmen of automobile and aircraft engines 
will appreciate the chapters on supercharging and the cooling of engines. 
These charpters contain a wealth of information that could only be compiled 
by'an^ expert*', ^ ^ 

' The mtroductory chapter d^ls concisely with the history of the internal 
combustion engine, and with automobile and aircraft engines following the 
introduction by Daimler in 1883 of the four-stroke petrol engine. Chapter 2 
commences with an explanation of the combustion process, illustrated by 
the usual equatioiiis of chemical reactions that occxir when Oombustion takes 
phbce. The remaining portion discusses the phOhoihena common to the 
combustion of petrol in a modem engine. The Chapter bn thermodynamics 
assumes a knowledge of inathematics and the theory of heat as apiplied to 
engine cycles. Having this knowledge, the reader wiU be better able to 
digest the information contained in the chapter on ^trol-engine performance. 

Carburation and petrol injection, the two-byole engine, and engine types, 
ignition problems and effects are diaeUssed atlength, andare fuHy iUustrated^ 
An interesting description of the sleeve-valve engine, together ^with that of 
the lat^ .d^^ of t^p-engMe^ i^ by performance curves for 

of tb^ the saine piston dis]^ace- 

these 

' eMcl^t hiWicktibn is of vital importance, and builders 

have the t^iblee pf blended to suit the difieient 

' Ti^feearb paarket^ by fir^ Mio make 
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and on actual engines. In the chapter on “ lubrication,” the theory of lubri¬ 
cation is explained, together with some of the standard tests. Quantitative 
results to which certain oils should conform are given. 

A short chapter is devoted to a lucid explanation of the basic principle 
of operation of the gas turbine and of jet propulsion, of which several systems 
are illustrated by line diagrams. The subject is of topical interest, and in 
view of its importance and the scarcity of published information regarding 
present practice, this chapter is of fundamental importance to an under¬ 
standing of later development. 

A valuable feature of the book is the inclusion of 153 references to books 
and original papers by authors whose work has contributed to the develop¬ 
ment of the modem engine. These references add to the value of the book, 
and the author is to be commended for his painstaking and skilful selection. 
All the illustrations are of ample size, the charts and tables are appropriate. 
The photographic reproductions are well selected and of unusual clarity. 
The index will be found to be efficient. J. O. 

Surveying for Young Engineers. By S. Wright Pebbott, M,A.I., 
M.Inst.C.E. [Pp. viii 4- 232, with frontispiece, 2 maps, and 95 
figures, including 12 plates.] (London : Chapman & Hall, Ltd., 1946. 
lOs. %d. net.) 

The book is an attractive little volume of an elementaiy or introductory 
character, written for the young said inexperienced surveyor. The author 
has endeavoured to describe field operations in such a manner as to enable 
the budding engineer to envisage these operations before tackling them 
himself.. 

The first nine short chapters are devoted to chaining, to the keeping of 
the field-book, and to the use of simple instruments such as the cross-staff 
and optical square. Six chapters are devoted to levelling and contouring. 
They include notes on the adjustments of the dumpy level, and the keeping 
of the two usual forms of level book. Five chapters deal with the measure¬ 
ment of angles, with descriptions of the Abney level, prismatic compass 
and transit theodolite. The idea of co-ordinates is explained, but no attempt 
is made to deal with methods of “balancing” closed traverses, as those 
would be l^ydnd the scope of the book. 

The methods of setting out circular curves by means of the chain and 
tape, or by means of deflection angles, are explained, and some of the more 
common formulae are deriyed- Some space also is devoted to the procedure 
adopted in the field for the setting-out of cuttings and embankments slope 
stakes, foundations of ctflverts,, small bridges, etc. 

A chapter is devoted to map-reading, but thoi:^ the author’s intentiqns 
are good, the reviewer doubts if vaaiaj riders will take the trouble to follo^ 
the advice giv^ to experiment with maps and photographs. Li fact, 

Map Ho. 2 and the photographs in the book being printed on different 
pages and being differently ori^t^, the adviqe is not ea^ to follpw. 

Though necessarily in oonformityi with the authorise economy 
the book is excefiently produced with “ binding. ^ 

clear, and the volume contains twelve W)Stly of surv^rmg 

and including two photographs of the LtogoHen district, m additiem to 
two maps and other illustarations in the text. i 
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Oceanograpliy for Meteorologists. By H. U. Svbborup. [Pp. 

XV + 246, with 70 figures and 4 charts].,, (London : George Allen & 

Unwin, Ltd., 1945. 125. 6d. net.) 

This is a delightful book to be recommended not only to the meteorologists 
to whom it is directly addressed but to aU physicists interested in the large- 
scale application of physical laws, in this case to the oceans and their inter¬ 
play with the atmosphere above. Such a book could have come from few 
people and none more appropriate than Sverdrup who is now professor of 
oceanography in the University of California, but who has for long been in 
close touch with meteorology and has made important contributions to the 
latter subject. 

The plan of the book is shortly as follows. An introductory chapter 
deals with the heat budget of the atmosphere and shows that the motions 
of the atmosphere, which are a necessary consequence of the observed thermal 
equilibrium of the atmosphere, are determined in quite an important way by 
the processes of heat and water-vapour exchange proceeding at the under¬ 
lying water surface. Oceanography proper is then introduced by a thorough 
consideration of the physical properties of sea water and ice followed by a 
short description of oceanographic observations. Physical oceanography 
is next discussed in a number of chapters under such headings as—^radiation ; 
exchange of heat and water vapour between the atmosphere and the sea; 
salinity, temperature and density; obean currents resulting either from 
mass distribution or wind ; and water masses. Finally, the author gathers 
together a number of strands in a chapter on the interaction between the 
atmosphere and the oceans, k chapter in which more questions are posed 
than are capable of answer at present, and which will remain as a challenge 
as well as an aid to the meteorologist anxious to develop his subject, ■ 

The chapter which to the reviewer singled itself out as the most sigiiificant 
to the me^brologist is that dealing .with heat atoid water-vapour exchange 
between the atiiiosphere and the sea. Energy exchange is involved in both 
probetees with the evaporative exchange normally far the greater (about 90 
per cent, of the total}.' The latter flow of energy to the atmosphere is later 
made effective when the water vapour condenses as cloud and rain with the 
liberatioh of its latent heat, and this indirect reaction of the oceans upon the 
atrnosphere (and vice versa, e.gr, the effect of cloud on the radiation inflow 
to the sea) is one of many examples which might be given to show that the 
ihter-mlations of oceanography and meteorology are far from simple. 
Occasionally there appears to be a more direct and impressive relation, as^ 
for exaihple in the oocstsional southward eXten^on'of the El Nino current 
off the coast of Peru in February and March, turning a normally dry season in 
Peru (average rainfall 4 nom. per month) into one of torrential arid erosive 
rain with Mis Up-to 4G0 nim. per month I Although sdch a 'Solent change 
in the atmo^heric cheulation can rarefy be directly traced to oceanic 
inSuenbe, there is a distmot po^ihility that a hlore inten^ve physical study 
of oceanic and meteorological anomalies will ultimately provide the meteoro^ 
legist mth valuable pointers to variations in seasonal weather characteristics. 
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CHEMISTRY 

Modern Cbemistry : Some Sketclies of its Historical Develop¬ 
ment. By A. J. Berry, M.A. [Pp. x -l- 240]. (Cambridge : at 
the University Press, 1946. 10$. 6d. net.) 

“The study of the historical evolution of scientific theories is essential to 
a proper understanding of their significance and import.” On this sound 
principle, JVIr. Berry, whilst disavowing any claim to have written a history 
of Chemistry, gives us a series of essays in which he has attempted “ to focus 
attention on the development of some of the newer branches of chemical 
science.” His book consists of nine chapters with the titles ; Classical 
Atomic Theory ; Electrochemistry ; Stereochemistry ; Radioactivity ; 
Elements, Isotopes and Atomic Numbers; Some Experimental Studies on 
Gases ; Some Problems of Solutions; Some Essential Features of Chemical 
Change ; A Retrospect. 

The treatment is discursive and not intended to be exhaustive ,* but, 
not less for these reasons, the author has succeeded in making his essays 
pleasantly easy to read. Moreover, he often brings out some interesting 
but less-known aspect of his subject. Very wisely he always emphasises the 
achievement of the former generations of chemists. The student, almost 
inevitably engrossed in recent advances, easily forgets this and becomes more 
aware of their errors ; it is valuable to remind him—and the rest of us—^how 
excellent their experimental work was in its context, and how their theoretical 
views, partially erroneous though they noay now seem, constitute the evolu¬ 
tionary material for current theories, which in their turn are certain , to need 
revision later on. 

There are some mistakes or near-mistakes that should be put right in 
a second, edition. They are mainly trivial, such as the appearance of the 
van ’t Hoff isochore with an unconventional sign (pp. 161, 198), or of the 
Gibbs-Helmlioltz equation in a dimensionally questionable form (p. 49), or 
the implication that 1-42 A. is the typical aromatic C-C distance (p. 91). 
Rather more serious ones occur on pp. 113-14, where, for instance, the neutron 
is described as an “ uncharged hydrogen atom,” and where the reader may 
be misled as to the identity of the “very penetrating radiation.” The 
passage about esterification and hydrolysis (p. 206) appears confusing. 

Modem Chemistry can be strongly recoinmended: to students in 
particular, as supplying a general background to the usual Chemi^ry degree 
course ; and ailso to the general scientific reader as an interesting and scholarly 
piece of writing. The book is well produced by aristority standards, has 
adequate indexes, and represents good value for money. 

j. G. Spbakiman. 

An Introduction to X-Ray Metallography. By A. Ta.ylob, M.Sc., 
Ph.D., F.Ihst.P,, with a foreword by StR Lawbencb Beagg, 

F.R.S. [Pp. xi -1- 400, with 240 figures, inoludmjg 45 plates.] (Lon¬ 
don: Chapman Hfdl, Ltd., 1945. 36^. net.) 

Lave’s discovery in 1912 of the diffraction of X-rays by crystals provided a 
tool of unprecedented power for the exaaninatidn of the fine stiuctiire 
matter. The development of the science of X-ray analysis which followed 
has had its effect not only on nearly every branch of pure seienbe op. many 

applied sciences as well. Nowhere have th^e advances been mdi^ important 
them in their appiicatioi^ to metallurgical problems. : Soon aHer the 
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ment of the Debye-Scherrer powder method of analysis, the eai'ly workers 
in this field, including Westgren, Owen, Bradley and Polanyi began to make 
striking discoveries of immediate importance to metallurgists. Nowadays 
the X-ray method takes its place beside the standard thermal and microscopic 
methods of the science. But a new development of this kind always creates 
one special difiiculty. The physicist or the chemist who is skilled in X-ray 
anal 3 ?Bis rnay know but little of the intricate details behind the metallurgical 
problem. Or the experienced metallurgist who wishes to use the X-ray 
method may hot be well equipped in the fundamentals of that subject. The 
chief value and importance of Dr, Taylor’s book lies in the way in which it 
brings these two sciences together. 

He begins with a number of rather brief chapters on the fundamentals of 
X-ray crystallography—generating apparatus, the space lattice and its 
diffraction effects, experimental meithods, and a discussion of the structure 
factor and intensities. I found this part of the book a little disappointing. 
It is, however, perhaps inevitable that the phrase “ it can be shown ” miost 
occur frequently in any brief treatment of such a subject. And in fairness 
it must be remembered that the fundamental simplicity of most metal struc¬ 
tures makes any elaborate or comprehensive discussion of the principles of 
X-ray analysis rather unnecessary. These chapters probably supply all that 
is necessary. 

After a short accoxmt of the crystal structures of the metals we come 
to the main body of the work. A long and very interesting chapter on the 
study of thermal equilibrium diagrams by X-ray methods covers a great 
range of work, much of it recent development which has hitherto only been 
described in original scientific papers. These topics include the determina¬ 
tion of phase boundaries, defect lattices, electron compotmds and the Hume- 
Bothery rule, the concept of Brillouin zones, superlattices, and the order- 
disorder trahsfqrination theory. Some of the^ subjects are necessarily dealt 
with in outline only, but the exposition is remarkably lucid. Ternary 
sj^^ms and recent X-ria-y work bn the iron-carbon system conclude the 
ehabter. lUtistrative exabapies are numerous, many of them based on the 
original work of the author and Dr. Bradley . 

The two following chapters deal very j^y with the measurement of grain 
size by optical and X-ray methbds, and the study of grain orientation, 

" iholu^g gUdC ph^omeha, fibre structure and age-hardening. There follows 
a brief chapter on the application of X-ray methods to the study of refractory 
materials, and finally another brief chapter on radiography, including notes 
on the use of gariuna-rays and nucroradiography. The book concludes with 
a very extensive and useful set of indexes, appendices and tables, occupying 

Images* 

The book is well planned and ganged, with apparently very few mistakes 

is m Fig. 31a ; the temperature ^ quoted in Table 

a great deal of entirely hew ground and should prove to 
be extreir^y to a yride p 

BosKBreoiff, 

l4^7^ca.tm By A. Ey^a^srs. Third edition. 

(London; C^pman 4?; Hall, Ltd., 

moier: of an. a a acienoe^ ahd it has been usiaal in the 

; ^ either' fa a tbei nati<^ works <m tbei hydrodyhanucal problems 
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concerned with lubricating films, or alternatively chemical treatises on the 
chemistry of the oils usually employed. N'either type got very far in solving 
practical problems, but this book does indicate that the chrysalis stage is 
ending and that lubricating problems are at last yielding to scientific attack. 

It is really rather surprising that with modem developments in the accu¬ 
racy of machining it is still necessary to run in a bearing. The author men¬ 
tions that Bowden’s “ stick-slip ” theory was developed during a period of 
enforced idleness in the Alps and arose out of consideration of the friction 
of skis on snow. As a result of his subsequent experiments Bowden came 
to the conclusion that the actual area of contact between two copper plates 
a foot square was only a fraction of a square millimetre, and that the excessive 
pressure thus engendered resulted in instantaneous local welding of the 
surfaces due to the intense heat generated. 

The petrol and lubricating oil consumption of a 12 H.P. engine running 
at 40 miles per hour is given in a curve, a threefold increase in viscosity 
only reduces the miles per gallon from 34*5 down to 33. The method of 
cutting grooves in bottom bearings was thought in the past to improve oil 
distribution. It is now shown to have an adverse effect by reducing the 
fluid pressure automatically built up in the oil film by the rotation of the 
shaft and consequently the thickness of the oil film. 

“Carbon” deposits are shown to be oxidised oil products containing 
about 70 per cent, carbon m a combined form. The ash contains about the 
same percentage of iron, but the presence of calcium and silica indicates that 
dust removal from the air could be improved. 

In the selection of lubricants the author advises “ it is prudent to err 
on the extravagant side than in parsimony.” It is a curious statement to 
make in a scientific book and illustrates the fact that lubrication has yet to 
grow out of some of its alchemical beliefs. Viscosity index is mentioned 
in a number of places but does not seem to be defined. 

The present edition represents twelve further fruitful years of lubrication 
research and is a very readable book. 

M. B. Donald. 

An Introduction to the Chemistry o£ Cellulose. By J. T. Mabsh, 
M.Bc., F.B.LCv, F.T.I., and F. C. Wood, Ph.D., F.B.I.C., F.T.I. 
Third Edition. [Pp. xi + 525]. (London ; Chapman & Kail, Ltd., 
1945. 32a. bet.) 

Thk outstanding characteristic of this book is its reawiabxiity. It can be 
read from cover to cover without the. usual impulse to “ skip ” so often felt 
with regard to books on highly specialised subjects and without the mental 
irritation that accompanies a dish of highly compressed and condensed factual 
information. This somewhat rare achievement in scientific literature results 
from a close adherence to the limits the authom have set themselves as to the 
scope of the work and from the simplicity and directne^ of the English in 
which it is written. 

The division of the book into five parts, three of wnich are concerned with 
industrially important properties of cellulose and derivatives, would suggest 
some degree of bias towards the utilitarian and technolojgioal a^eofe; of the 
subject at the expense of the more fundamental chemical aspects. The bias, 
if it exists, is nevertheless nol? pronounced and the section devoted to mole¬ 
cular structure amply compensates in quality for what it lacks in quantity. 
Here is no tedious recording of prehistoric experimentation of the faithfol 
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piecing together of exploded hypotheses. If the aim of the authors has been 
to acquaint the “scientific lay^nan ” with the main trend of present-day 
views on the molecular structure of cellulose then in this section of their book 
they have succeeded admirably. 

One feels, indeed, that the book is intended primarily for just such a 
reader who is “ lay ” in the sense of not being a cellulose chemist either 
industrially or. academically. The academic carbohydrate chemist will ex¬ 
pect to find a fuller presentation of the pros and cons of current hypotheses 
on fine structure while the industrial chemist whose job is cellulose might 
consider the treatment to be rather superficial and lacking in substance. 
Nevertheless, it is certain that both types of expert will benefit in refresh¬ 
ment of mind by a perusal of this book. 

If one item is to be singled out as of exceptional value it is the inclusion 
of a chapter on “ Chain Molecules.” It was a happy thought to put cellulose 
in its right setting as a member of the class of linear high polymers. In this 
chapter comparisons are made with vinyon, nylon, natural silk, alginates, 
chitin, wool and artificial protein fibres, and a brief resume of high polymer 
chemistry is given. 

The only blemish of serious import in this excellent “ Introduction ” 
lies in the inadequacy orthe system of reference to the literature, .References 
are incorporated in the text and to seek out a back reference is like looking 
for the proverbial needle. The value of the book would be greatly enhanced 
by the addition of a comprehensive bibliography to which reference is made 
by number. . 

Stanley Peat. 

Forensic Chen^try and Scientific Criminal Investigation. By 
A. Lucas, O.B.E., F.B.I.C. Fourth edition. [Pp. 340.] (London : 
Edward Arnold Co., 1946. .25f. net.) 

This book was first published in 1921, and its value has been demonstrated 
by the fact that it has now entered upon its fourth edition. The present 
’work has been brought to date, alterations and additions have been 
copiously ixiade, and some 200 fresh references have been added. The 
bibliography is most extensive and is of high value both to the routine, and 
res0arch, worker. It is regrettable that on page 9 the reader is faced with an 
errata slip. 

The introductory chapter is devoted to the general procedure in con¬ 
nection with the reception, and exammatioix, of articles together with recom¬ 
mendations for framing reports on the completion of examination. The 
sul^equent chapters cover a very wide field and include such subjects as the 
^examin^ion of blood stains, various stains upon clothing, counterfeit coins, 
documents, dust, dirt, glass, explosives, fibres, woven fabrics, string, rope, 
finger-prints, foot-prints, tracks of vehicles, and erased numbers on metal. 
There are also chapters deakng with fires and insurance frauds, cartridges 
and projectiles, photography, X-rays, ultra-violet rays, and infra-red rays. 
Other, subjects include the preservation of the human body after-death, 
robbery from lettess aaadparcels, and tobacco. Chapter Xni,^hich contains 
sotoe pa^ges; reinbraces 

In the dSscriptaon of the examination of blood stains, the author devotes 
; ^hree to the hraain cfys^ overlooked the importance 

^ uri.der varying conditiphsfhan, the former teat. He makes reference 
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to the diagnostic importance of the spectrum of hsemocln'omogan in. the 
examination of extracts of blood, but omits a description of the simple 
combined method of microscopic and microspeotroscopic examination of 
haemochromogen crystals so commonly in use at the present time* In this 
connection, there is no mention of Takayama’s solution, or of the solution 
recommended by Ferreira. 

There are some additional minor points which would sustain criticism, 
but the book as a whole strikes a high standard and may certainly be regarded 
as a comprehensive and authoritative work for all whose interests impinge 
the realm of forensic chemistry and scientific investigation. 

John Gi*aistbb. 

BOTANY 

Chromosome Atlas of Cultivated Plants. By C. T>, DABiinsroTON, 
D.Sc., F.R.S., and E. K, Janaki Ammal, D.Sc. [Pp. 397.] (London : 
George Allen & Unwin, Ltd., 1945. 125. 6d. net.) 

The authors have rendered a very considerable service to plant geneticists 
in bringing together in a convenient and easily available form all the known 
chromosome numbers of the cultivated plants of the world and of their wild 
relatives. The main section of the book, occupying 310 pages, is a tabulated 
list of the plants, their popular or vernacular names where these exist, their 
somatic chromosome numbers, the authority for the chromosome coxmt, 
the uses for which the plants are cultivated and their geographical distribution. 

The systematic arrangement of the families of the Angiosperms follows, 
with minor exceptions, the order proposed by Hutchinson in his Fandliea 
of Flowering Plants. The genera within the families, or within tribes into 
T?irMch the families are subdivided, are arranged in ascending order of basic 
chromosome numbers, and individual genera are subdivided in a similar way 
where necessary. An alphabetical index to the genera and families renders 
reference easy and rapid. In all, over 11,000 species are included in the 
catalogue, but about 1000 of the more useful species are without chromosome 
numbers and a further 2000 are summarised without individual names, * ‘ owing 
to their uniformity of number or lack of cultural interest.’* The known 
chromosome ntimbers of seed plants range from 6 (in species of Oallitriche, 
Ctepis and Crocvs) to about 500 in a species of Kalanchoe^ The largest 
number counted with certainty seeihs to be 308 in the Black Mulberry 
{Moms nigra). • 

Where t's^o accounts differ in number for the same species both are quoted, 
except where,‘error is obvious. Where accounts agree the most recent 
important one is quoted. A full bibliography, occupying 28 pages, is given. 
The tises of iAie plants are indicated by a system of initials signifying the 
group of use, or uses, to '?dnch each plant is put. The grouj^ are quite general, 
for example, medicinal plants, grains a^d pulses, perfumes, textile fibres and 
wods, but may prove helpful. Two somewhat curious categories are carpir 
vorous plants and parasitic and semi-parasitdb plants, the remainder of the 
horticultural plants (grown for decoration, curiosity, etc.) not being farther 
subdivided. . > . , : 

The main body of the work is preceded by a. short inferodp^tiw i» which 
Br. Darlington sets forth his ideas of ,the origins of cultivate ptets and the 
pla^ of chromosome studies in the ts^k of 

plants. Vavilovas evideni^ for the cen^pes of beihg the centres 
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of greatest diversity is briefly reviewed, and then it is shown that the evolution 
of the special characteristics of the cultivated plants is in the first place a 
consequence of cxiltivation. Man has exercised unconscious selection by the 
tillage, sowing and harvesting conditions he has imposed on the plants. Not 
infrequently the weeds of the crop were similarly modified and sometimes 
replaced the primary crop when cultivation spread into environments less 
favourable to it. Finally, the kinds of variation selected in the development 
of cultivated plants can be made out from a comparative study of the chromo¬ 
some numbers of the cultivated plants and their wild relatives, 

D. G. CAiTOHESIDB. 


PHYSIOLOGY AND MEDICINE 

The Living Body. By C. H- Best, M.A., M.D., D.Sc.(Lond), F.R.S., 
F.R.C.P.{Canada), and N. B. Tayeob, M.D., F.R.S.(Canada), F.R.C.S. 
(Edin.), F.R.C.P.(Canada), M.R.C.S.(Eng.), L.R.C.P.(London.) 
Second edition. [Pp. xxii -f 571, with 16 coloured plates and 283 
figures.] (London: Chapman & Hall, Ltd., 1946. 245. net.) 

Thhbe is little to* criticise in the subject matter of this book, which is accurate 
and up to date. The illustrations are helpful and particularly well chosen, 
though most of the half-tone pictures have suffered badly in reproduction. 
Care is taken to describe the tissues of the body and their microscopic struc¬ 
ture, while many aspects of physics and chemistry which have a direct bearing 
on physiology receive preliminary treatment. Superficially this seems to 
render the book independent of the fundamental sciences, but it is question¬ 
able whether anyone unacquainted with them could use it to the best advan¬ 
tage, Indeed, although the book is a skilful and almost irreproachable 
summary of the important facts of physiology, and although these are 
presented in a simple way, there are too many of them. Information is 
delivered in a succession of brief sentences, nearly every one conveying a fact, 
and the ^ect oh a reader unfamiliar with the subject nxust be quite over¬ 
powering, The book should be of most use to persons-of trained intelligence 
science students), whd desire an authoritative but not too technical 
account nf physiology. It shoifld also serve well as a reference book for 
nmses, and others who need a reliable authority to back up an elementary 
knowledge. For more advanced students it furnishes a thorough survey 
of the ground which, with the help of lectures, larger text-books and practical 
work,-they must cover in greater detail. 

W. H. Newton. 

Badium Therapy. Its Physical Aspects. ByC, W, Wilson, M.Sc., 
Ph.D,, F.Inst.P. [Pp. xiL 4- 224, with 97 figures, including 14 plates, 
and 30 tables.] (Lpndon ; Chapman & Hall, Ltd., 1945. 185 * net.) 

This excellent book supplies a need acutely felt by medical radiologists 
and phy^cs^ attsM^hed to hbspitalB. It has obviously been written by a 
physicist w® versed In many prohleins which conj6*ont all workers in the 
IS^ of radium Ihempy, arid its publication at the present moment is very 
tmely, in view Of the expansion of radiation therapy which must occur as a 
of the implementation of the Cancer Act of 19391 , 

devoted to the physical properties of those members of 
are bf interest in medicine, the author proceeds to 
and app a^ of gainma- 
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ray dosimetry. This is followed by a lucid and competent survey of the three 
chief techniques employed in using radioactive substances for the treatment 
of patients, namely; by applicators distributed over the surface to be 
treated; by distributing containers in the natural cavities of the body, or 
implanting them in the affected tissues ; or by the use of canalised beams of 
radiation from strong sources placed some distance away from the body. 

Within the linoits which he has set himself, the author has written a singu¬ 
larly useful book. It should be regarded as indispensable by all students of 
medical radiology and practising radium therapists. 

The reviewer, however, regrets that Dr. Wilson did not include a chapter 
or chapters devoted to the production and properties of artificial radio ele¬ 
ments. Even before the beginning of the War some indication of their 
possible usefulness in physiology and medicine was already clear. As a 
result of the intensive work in nuclear physics during the War, it is now certain 
that the scope and possibilities of radiation therapy have been immeasur¬ 
ably enlarged. 

Some minor blemishes in an otherwise excellent book can be expected 
to disappear from the next edition. Among these are a few misprints, an 
occasional innocuous misstatement and some examples of slip-shod English 
(e.g, wheeled by for wheeled past^ p. 24, wire-rope cable, p. 164, energy involved 
in protection, p. 209, etc.) 

F. L. H. 

Topley and Wilson's Principles of bacteriology and Tmmimity. 
Vols. I and EE. Third Edition revised by O. S. Wilson, M.D. , F.B,C.P., 
K.H.P., and A. A. Miles, M.A., F.R.C.P. [Pp. xii -f- 2064 
-f xliv (index), with 302 figures and 207 tables.] (London : Edward 
Arnold & Co., 1946. 60^. net.) 

The production of a new edition of Topley and Wilson in the middle of a 
war and in the austerities of peace is an achievement which ensures the 
gratitude of all British bacteriologists who are concerned with the paucity 
of personnel available to rebuild a flourishing industry. The work is, of 
course, primarily intended for the instruction of medical bacteriologists, but 
the generalities are so well presented that the volumes are likely to be of 
great service in wider spheres. 

The present edition is the work of Wilson and A. A. Miles who took the 
place of the late W. W. C. Topley on his appointment to the Agricultural 
Besearch Council. 

Wilson remarks in his preface on the difficulties Experienced from the 
lack of European and Japanese literature and on the one-sided picture this 
entails. To counteract this the authors have given the data in unusual 
detail, have augmented the bibliographies, and have been ‘‘perhaps unduly 
cautious in drawing our conclusions.” In view of this confession it would be 
unreasonable to complain but proper to s 3 nnpathise. It makes no difference 
to the value of the work as a reference book, in fact it may be an advantage, 
but the undue massing of pros and cons in an argument of admitted complexity 
must leave even a senior student at a-loss for the guidance of a text book. 
However, for another edition, we hope that the times wili be more suited 
to “careful leisurely recapitulation” and anticipate that all sections will 
then attain the level of the “ classification ” chapter, in whifeh a masterly 
consideration of evidence and policy leads to precise and agreeable cpnclusions. 

During the past ten years there has been a large influx of biochemists 
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into bacteriology with a specialised literature so vast that it has to be sorted 
out by a number of newly created Review Joui*nals. Inevitably the two 
authors from sheer lack of time have availed tliemselves of these facilities. 
One feels in this a certain nostalgic regret that we cannot have the personal 
Topiey-Wilson pronouncement to which we have grown accustomed, in all 
branches of a rapidly expanding subject. A little purely biological criticism 
would not come amiss, and, we have no doubt, this will be available in due 
course. 

So far as is known to the Reviewer there is no work by two authors in 
any language which can compare with Topiey and Wilson for accuracy, 
Ju^ement and fluency.' These characters are well maintained in the new 
edition; As a reference book- there can be little which is not presented ade¬ 
quately with full indications for further reading. As a text-book it is frankly 
much wider and more detailed than ordinary text-books in medical bac¬ 
teriology and, no doubt, such a mass of knowledge is not required by many 
students. Topiey and Wilson were, however, concerned with a higher educa¬ 
tion in medical bacteriology, and this book sets the standard they wished to 
attain. It is well known that they succeeded, and it is to be hoped that the 
publication of this new edition heralds the re-establishment of the Diploma 
course which can claim to have attained considerable national importance. 

PAirii Fildes. 

Penic illin : A Dramatic Story. By Boris Sokoloff, M.D. [Pp. 
vih 4“ 167.] (London: George AUen & Unwin, Ltd.,. 1946. 7s. 6(i. 

net.) ' 

The discovery and development of penicillin have led to a flood of popular 
scientific literature, for, in these days, the naan in the street takes a keen 
interest in scientific discovery and its possible, effect on his daily life. While 
most of this literature has been frankly journalistic, there have been some 
efforts, of which this is one, to present the facts in a simple, read¬ 

able, ani at the same tinaeabourate forin.^^ 

T3ae :author coyera a ground from the pioneering days of 

Lister apd his:tectoique^ of antiseptic surgery, right up to the present time 
and tlie aobieveiherLt of penicillin. He tells us how penicillin was born in 
London, developed at Oxford, and then, when clinical trial had shown its 
!^por|tobe^ was taken to Ainerica to be manufactured in bulk. He tells 
briefly of the effect of the new drug on a number Of infective conditions. But 
so rapid has been the advance in the last year that much of this section is 
out of date. The discovery of pempfilui has stimulated a mdespread 
metabolic .products of the moulcfe and higher bacteria, and 
^^e‘of the ne^ ^bef^cbs are tevi^ “ 

!ip a bc^k ymtteh by an: American for the Amencan public, it is pleasing 
is to British pre-eminence in this^^.^g^^ 

in^cufacies, but these are not'such as to 
alter |;h4- The language is Amenean, and many of 
' mould- the‘works,’*' 'are e'xpressive but 
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Science and Teehnclogy 

In those branches of commerce which deal in commodities of vege¬ 
table, or of animal, origin a greater or less degree of infestation by 
insects occurs, and periodically infestation may become sufficiently 
extensive or intensive as to have considerable economic importance. 
This happens notably in times of war when normal trading is upset 
and stocks of commodities accumulate in the exporting cotmtries 
for lack of shipping or in the importing countries seeking to build 
up reserves. 

The writer has concerned himself with this branch* of applied 
entomology over a number of years and it may be useful at this 
stage in the development of commercial entomology, when, undeir 
Government segis, a considerable expansion of work in this field 
may be looked for, to give some account of the nature of the scientific 
problems presented and such advance as has been made in dealing 
with them. 

Insect infestation of stored produce is seen in its simplest form 
in peasant agriculture in tropical or sub-tropical countries. In 
East Afnca, for example^ infestation can be traced firom the occur¬ 
rence of such insects as the grain weevils {GahmdfU) and the grain 
moth (Sitotroga) in the ripening crop^ through the development of 
a typical insect community in the village (wherb the grain is stored 
m wicker baskets on poles some three feet above ground* or 
pended from a tree) to the much'heavier infesta^^^ seen m 

bagged maize at the railway awaitihg transp6:Hi‘ to the coast; ; 
in the merchant stcHces or “ go-dotvns,” many commp^ties^ JBiOet 
and infestation becomes complex ^ -the insect Gomihhint& 
of grain, or of pulses, of of ground;^hutsv 1^ > 

/ In our warehouses the inseci^ ^opulafeion is:ev 

649 tr'n 
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and consists, in part, of populations of insect species which, originally 
exotic, are now endemic ; and, in part, of populations, sometimes 
of the same, sometimes of other species which have only recently 
arrived in this country. At present it is hardly possible to dis¬ 
tinguish these two parts of the population, although Philip [1] in 
a genetical analysis of three small populations of the beetle Dermestes 
vidpinus collected in a London warehouse was able in one of them 
to distinguish individuals of Kenya origin from iixiividuals of 
London origin. On the other hand, some species in these ware¬ 
house populations, like the nutmeg weevil AmeoceruSy cannot sur¬ 
vive om' winter and their persistence in our warehouses is wholly 
dependent on fresh introductions every season. 

The first systematic study of the insects and mites infesting 
stored products in this country was carried'out by a committee of 
the Royal Society [2]. It dealt solely with grain pests and issued 
ten reports dealing with the airtight storage of grain and its effects 
on certain insects; mth the Tyroglyphid mites and with certain 
Hyo^nopterouiS parasites of grain pests. 

The main recommendation made for the coi^trol of grain weevils 
and mites—^the storage of grain in airtight silos or granaries so 
that the insects die of asphjraation—has not yet proved practicable, 
but the scientific r^ults contained in these reports, deaUr^ with 
the respiration of grain insects and with the biology of the mites, 
have been of value to later workers. 

It . nmy he convenient ip. describing recent progress in this 
field of appMed eatomofe^ consider two periods of development, 
the first, from 01939 pntil the war, when work in this field was abnost 

and the second, when the Depart- 
mmt:^ and Industrial Research entered the field (at 

first in close collaboration with the College), to be followed later 
by the Ministry of Rood. 

Ip the first period the work was largely explaratory , designed tO; 
ass^s, or define, the natme of the scientific^pa»i>blems a^ give 

moths of the g^era and; 

then cauisipg seriow copcem ip the . cocoa, 
fruits trades. ^ : 

: & the wcP^k Qf the American and 

notably that of Bacis :wd 

Cottein ip lite ^ aaad Zpcheris 

monOj^ja^h on :^red ^odpofes entomology publish^, in .A^federr 

Afrj^r 

ted ;ba©p:cai?^^ it was 
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possible to draw up a preliminary research programme comprising 
work in systematic entomology, and insect biology, and in the 
physical chemistry of insecticides, particularly fumigants. Later, 
work in insect physiology was included in the programme. During 
this period a special laboratory, including insectaries and constant 
temperature chambers for the rearing of insects and special chambers 
for work on fumigants, was gradually built up and equipped. Staff 
was recmited and trained for the work and before war broke out 
the exploratory work had virtually been completed—except for the 
grain trade—and an extensive programme of work in entomology 
and in physical chemistry had been planned and embarked on. 

In the second period, except that a survey of grain insects was 
added to those carried out and the same attention was then given 
to the problems of the grain trade as had previously been given to 
others, the general research programme drawn up and begun by 
the College was continued under Government by the Department 
of Scientific and Industrial Research. 

StnavEy Wobe 

The object of the surveys carried out was to ascertain the 
nature of the scientific problems and the possibility of rendering 
first aid.” Such work is largely fact finding, but during the course 
of it valuable insect material has been collected and a measure of 
the practical ” problem and of the scientific problems underlying 
it has been obtained. Surveys of infestation affecting the timber, 
cocoa, tobacco, dried fruits and grain trades have now been made; 
The survey of insects infesting timber was carried out by the writer 
in 1924 with the assistance of Dr. R. C. Fisher. Surveys of the 
cocoa, tobacco, and dried fniits industries were carried out during 
the years 1929 and 1931 and that of the grain and flour-milling 
trade in 1938-39. 

One generalisation from these surveys seems perniissible,; namely, 
that accumulation of large stocks of a oommc^ty and ^p 
storage of it the : <dnef factors whioh promote rapid increases of 
the insect population; It seenis, too, that a high percentage of 
insect parasiifem in a community is an index of long-standiag 
infestation. This assumption is supported, by m 
of which one may be cited. Some years ago a parcek ctf Afghai^ 
raisins which had been in store for seven years wa^ 
heavily infested by Oryptophagm and thesf 

heavily parasiiased by an ■ Enoy^rtid fly such 

heavy inf^tation by Grypi(^ihagus b^n 
parasite Ztteticcmt'ws been seen c# r^3ord^^ ^ 
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Systematic Entomology 

Work in systematic entomology was first undertaken when the 
exact identification of the species of moths of the genus Ephestia 
infesting tobacco became urgent. A revision of this genus and its 
allies Plodia and Strymax was carried out. Apart from its value 
in easing correct identification of species, it has given us a better 
understanding of the genus itself. Since then and especially during 
the war valuable systematic work has been done on such groups as 
the beetles of the families Ptinidse and Latliridiidse by Hinton [3]. 
The same author has published the first part of a monograph of 
the beetles associated with stored products [4]. Corbet and Tams 
[5] have published keys for the identification-of the Lepidoptera 
infesting stored food products and, while the authors point out 
that they have not based these keys on phylogenetic relationsliips, 
their work affords a basis for such phylogenetic studies and mean¬ 
while *is invaluable to the practising entomologist. Hinton [6] has 
studied the larval stages of three species of the genus Ephestia and 
has also described the larvae of the more important Lepidoptera 
associated with stored products. 

Biological Work 

Much of the early biological work done was exploratory and was 
concerned mainly mth the rearing of large cultures of insects for 
experimental purposes. In the course of this work, when an attempt 
had been made to habsten the rate of multiplication of stocks, it was 
found that the spCeded-up ” stocks were sterile. A study of this 
l^obleni Ahowed that the sterility was owring to retardation of 
spermatogenesis and reduction of mobility of the sperm when the 
insects were reared at temperatures above 27° 0. [7]. 

The flour-beetles have long been favourite subjects 

in experimental work on the theory of insect populations. Chapman, 
Park, Hbldaway, MacLagar and, more recently, Crombie [8] have 
published extensive papers discussing such problems as competition 
and rate of growth of poptilations in these insects living in various 
media^maihly flour. Recent work on the nutrition of insects living 
in flour, referred to later, may assist in the farther interpretation of 
studies in wfe[ch oatmibalism-^ certainly the result of 
: nUlaritiOnal a factor 

Si^nwhifa/pppt^ larger scale have been carried 

put fe th^warehbu^theu^lv^^^ and Waloff [9]; studying 

hinng on::buIk: gr that 
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in the specialised environment of a granary physical conditions do not 
vary enough to be a major influence on the trend of the population. 
The most important effect of variations in temperature is on larvse 
resting in the dormant stage known as diapause. The chief factor 
controlling the size of the population is a disease, probably bacterial, 
commonly known as “ wilt.” These population studies are sup¬ 
ported by investigations on the behaviour of Ephestia elutella 
breeding on grain, on development and nutrition, on diapause and 
on longevity and fecundity, this last an extension, under field 
conditions, of Norris’s work. 

Physiological Work 

Physiological work in this field of entomology has been concerned 
with the physiology of the insect, with the physiology of grain as 
the insects’ environment and with the physiology of insecticidal 
action. 

Insects living in stored products afford convenient subjects for 
the study of nutrition, and good progress has recently been made. 
Gay [10] showed that the larva of the bacon-beetle {Dermestes 
vulpinus) requires cholesterol for its proper growth and Praenkel 
and Blewett have included the study of the sterols as factors in 
insect-nutrition and have given special attention to the vitamins of 
the B-groups. - In a study of the metabolism of Tribolium, Ephestia 
and Dermestes they have shown that these insects which normally 
live on dry food acquire a substantial, or, at very low humidities, 
the greater part of the water found in the body from their food [11], 
In man only about one-ninth of his daily requirements of water is 
derived from food combustion. Interesting confirmation of the 
suggestion that the role of intracellular symbionts in insects may be 
to provide accessory food substances has been found in a comparison 
of the vitamin requirements of the beetles Tribolmm and Ptinus, on 
the one hand, and the beetles Lasioderma and Sitodrepa on the 
other [12]. In foods lacking i-inositol or ^?-amiiiobeiizoic acid 
Tribolmm SbXid Ptinus fail to develop, whRe Lasioderma and Sito¬ 
drepa survive. If, however, the eggs of Lasioderma and Sitodrepa 
are sterilised, their larvm cannot survive on this diet, although they 
develop normally on a diet containing the acc^ory food factors. 

The physiological changes taking place in grain during storage 
and their interrelationships with insects infesting it was included 
in the original programme of the Imperial CSollege. Work was begun 
on it jointly between the Ooflege and the Department of Scientific 
and Industrial Research and has been edhtinued by that I)%parthimt. 

The first heed was to derise ihstrtmients for 
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ments in grain stored in bulk, and suitable apparatus and methods 
for the measurement of temperatures and humidity and for sampling 
the intergranular air and the grain itself were devised by Henderson 
and Oxley [13]. Methods were also devised for the measurement 
of the co-efficient of diffusion of carbon-dioxide through wheat. 

: Akin to this preparation for studying the physiology of grain is 
the' devising of a gasometric apparatus for estimating carbon 
dioxide; The metabolism of insects in grain is vastly more rapid 
than that of the grain itself and this suggested that the carbon 
diovide production of grain might be. a measure of the degree of 
infestation. This has been tested by Howe and Oxley [14] and 
has in fact proved a useful method for determining the degree of 
insect infestation and the progress of infestation in grain and other 
commodities. The following table, modified from one given by 
the authors, indicates the relative importance of the insects listed 
in increasing carbon dioxide output and consequent heating of grain. 

.. - ■ TABLE 

NUMBEE of INDIVJPUALS PEE POXJND OF GeAIN WHICH WIHL PBODHCE 
1% CO 2 IN 24 HOURS AT 25° C. 

Ko. ofindi- JTo. of Indi- 

Inswt. ;: yiduals per lb. Insect, , viduals per lb. 

Gatandra ■ 

1st st^e larva . ' 16(> Wdzop&^tlia adyMs .... 60 

4tli sta^,larva ■ O-IO. fTrifeofem adidts.. ... , 80 

Pupae . ..... . . 30 JSilvanus adults . . . . 200 

Adults . . ' . ; . 20 j JSphesiia mature-larvae . . . 7 


This apparatus is already feeing used in j^ractice on a considerable 
is of coui^ a useful tool in population studies* 

, : tl33fcf5 need for physiological ^ork on insecticidal action was first 
^phasised when a fraction of heavy naphtha was under investi¬ 
gation as an insecticide against bed-bugs. It was found that in 
fractions in which the paraffins had been removed-^because it 
was assumed they acted merely as diluents—the toxicity to insects 
was less than in the ordinaiy fractions contairun paraffin. This 
suggested that the paraffins perhaps assisted the passage of the 
toxic U33satumted constituents through the i^^ cuticle and led 


to a study by Hurst [15] of some of the factors affecting the per- 
meafeffity of the cuticle. Since the war studies, of the insect cuticle, 
histolpgicai hy DenneU* physiological by T’raenkdL and BudaE and 
by Wi^les^orth workeis, have been continued on a coai- 

sMeraHe scale; ^ Thefr^ffn^ have been summatised by Lees ip 
tW oi tins J p. 6&9). 

our knowledge of :i^e mode of 


rac^ study of ''inert 
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dusts [16]. Mineral dusts liave been used for many years in the 
control of grain insects, but the mechanism of their action was not 
understood. It has now been confirmed that inert dusts kill insects 
by desiccation. The desiccation is caused by the destruction of 
the fine uniform layer of wax OTerlying the framework of the cuticle. 
The magnitude of the effect of the minute perforations caused by 
minute particles of dusts is, the authors suggest, intelligible, since 
it has been shown that the rate of diffusion of a vapour through 
many small holes in a plate is .much greater than that through a 
single hole of the same total area. 

Physical Chemistry 

One of the most important means of controlling insects infesting 
stored products is by fumigation. When the writer first investi¬ 
gated this method of control, fumigation practice seemed wholly 
empirical and in particular the methods of assessing its efficiency 
were xmsatisfactory. The ‘‘practical man” relied on “the dead 
insect.” The writer, while agreeing that the insect was dmd, 
wanted to know why it died. This led to an investigation of the 
behaviour of fumigants along tliree main lines ‘.-—study of the 
application of fumigants to ships and warehouses, study of the 
methods of determining fumigants, and study of the absorption of 
fumigants both by the commodities treated and by the fabric of 
the fumigation chamber or warehouse and the various containers-^ 
bags, fruit-boxes, etc.—of the eommoditfes [17, 18]. The more 
important fumigants investigated were hydrogen cyanide, ethylene 
oxide, methyl aUyl bromide, trichloro-acetonitiite, methyl bromide 
and the chlorinated hydrocarbons. 

Considerable advances have been made in the determination of 
fumigants both in the air space and in fumigated goods. These 
have emphasised the high importance of sorption of the fumigant 
by the goods and by the walls and fabric of the building or chamber. 
Sorption not only affects the amount of free fumigant avafiable to 
destroy the insects, it affects the time of airing or ventilation 
required after fumigation and the residual fumigant left in the 
goods, either in its original form or after chemical change, 
cyanhydrins formed during fumigation with hydrogen cyanide. 

Work recently published and experiments just compieted in 
the Imperial Collie throw light bn the mechanism of the sorption 
of or^nic vapours used as fumigants on wheat. Lubatti [l&, 20} 
summarises our present ,knowle(%e as follows: : - 

“ Fumigants are sorbed by wheat rvei^ slowly. Three maih 
factors are involved, (a) permeabfiity M the seed ooatSj, ,(&) difitoioii 
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and sorption in the endosperm, (c) ohemical reactions which may take 
place in the tissues of the grains. The seed coats form a continuous 
envelope relatively impervious to gases, and they appear to be the 
main factor controlling sorption. In wheat which has been deprived 
by abrasion of the seed coats, sorption appears to be of the same 
order as that in ground wheat. 

The investigations of Barrer and Rideal and those of Wicke 
have established that in certain sorbents the rate of sorption is 
governed by the laws of diffusion. This is true in wheat with vapours 
which do not undergo a chemical decomposition or are only slightly 
reactive. Examples of such vapours are those of ethylene dichloride 
and hydrogen cyanide. Equilibrium with these is substantially 
reached in 15-20 days, and the experimental curves follow closely 
those calculated from Tick’s law: 

‘‘ The forces which retain ethylene dichloride and hydrogen 
cyanide in wheat are predominantly physical (van der Waals). 
Accordingly, sorption decreases with increase in temperature. It 
has also been found that the amount of fumigant sorbed is approxi¬ 
mately the sarne at anjr time-concentration product, whether the 
concentration is kept constant or allowed to fall, provided that the 
average concentrations are the same. 

“ Other vapours, such as those of ethylene oxide, react with 
the constituents of the wheat grains. The reaction does not usually 
take place with one specific chemical compound. Many constituents 
of the tissues take part ihr the process, in which eiizymic action may 
also assist; ^ The rate of decomposition of the fumigant in the course 
of these reactions is apparently unimoleqular. 

“ With chemically active vapours, sorption increases with an 
iftcrease in temperature. The time-sorption curve, calculated from 
experiments carried out with falling concentration, gives lower 
values than those obtained in experiments performed at an equivalent 
even concentration. 

“ An increase of the moisture contents of wheat brings about 
an increase of sorption with all the fumigants studied. This also 
may be connected# with change of permeability and structural 
rearrangements in the tissues of the wheat grain. Moisture content 
is a factor as impoitant of vapour or 

temperature.” ' 

With attention now to the fumigation of viable 

eeedsr, e.gr. ohibh se^ and potato fox the control of eelworms, the 
adyances made in detennming the proportions of the residues left 
affer w^her these are loosely or firmly held, dr are 

changed, is of high importance. ■ In seed fehiigation 
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the water content is an important factor aiding absorption especially 
when fat-soluble fumigants {e,g, methyl bromide) are employed and 
when the seeds are rich in fat (e.gr. onion seeds with a fat content of 
20 per cent.) 

In some circumstances fumigation of warehouses, or of the goods 
housed in them, is impracticable and resort has to be had to an 
insecticidal spray. In the course of experimental work in the use 
of an atomised pyrethrum-white-oil spray for the control of the 
moth Plodia interpunctella in warehouses it was found that on 
falling the spray formed a fine film on exposed surfaces and that 
moths and caterpillars alighting or crawling on this film became 
moribund and died. Further investigation of this spray by Potter 
[21] showed that a film of insecticide of about 0-0053 g./sq. in. is 
lethal to the full-grown larvae oiJEphestia elutella Sbiad Plodia inter- 
punctella and that a film of this weight can, under diffused light, 
retain its toxicity for periods up to 20 days. 

•When these results were first aimounced, they were received 
with considerable scepticism, first because the value of the method 
was doubted, but chiefly because pyrethrum rapidly loses its toxicity 
when exposed to the air. The prolonged toxicity of the pyrethrum 
in this spray has not yet been explained, and it may be that the 
explanation can come only through investigations in the more 
recondite fields of colloid chemistry and surface physics. 

The use of this pyrethrum-white-oil spray to produce a residual 
toxic film ” has, however, led to a great extension* of the use of this 
method in many fields and particularly in the control of mosquitoes 
and other flies. The insecticide D.D.T., because of its persistent 
toxicity, is especially suited for this form of apphcation. To the 
general public, perhaps, D.D.T. appears the startling discovery, but 
scientifically the discovery of the toxicity to insects of the para para 
isomer of dichloro-diphenyl-trichloroethane is much less important 
than the advances made in our knowledge of the application of 
insecticides. One of the chief of these advances is Potter’s discovery 
of the '' residual film.” 
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THIS SUBJECT OF GRANITE 

By H. H. READ, D.Sc., F.R.S. 

Professor of Geology in the University of ZondoUf Imperial College of Science ard Technology 

A OENTTJUY and a half ago James Hutton, the founder of geology 
as a science, confessed himself to haye been particularly anxious 
about this subject of granite/’ By the power of field-eyidence he 
had made a decisiye mtervention in the classic debate between the 
Neptunists and the Plutoaaists. His demonstration of tongues of 
granite clearly interjected into limestones in Gflen Tilt showed that 
granite cpuld not be a chemical precipitate, as the Neptunists 
proposed, but had solidified from a melt. Granite was thus an 
igneous rook. Hutton settled the problem of the granite yeins of 
Glen Tilt and probably settled it for aU time, but he dM not settle 
the problem; of all granites* Since his time, a great ma&ny geologists 
have likewise been anxious about this subject of granite, and it 
may truly be said that to-day the origin of gpanite is the most 
lively problem in geology. The conflict of opinion is startling as 
can be illustrated by the following: in 1942-44, of Zurich 

and the writer of this article independently considered the subject 
and gave their findings’ in dissertations of considerabie length—- 
their findings were diametrically opposed though they were based 
upon the same corpus of apparent facts. These findings represent 
not the opmions of two particularly pugnacious individuals, but 
the tenets of two powerful and active schools. There is no cause 
here for tears, since if the protagonists keep their tempers they 
will learn a great deal good for them. It is proposed to set out 
the main lines of the debate. 

First has to be decided what is meant by the term granite. 
There are a great number of technical definitions available and aH 
of them include the word igneous. If they are used then the question 
at issue has been already settled, for the modem debate is largely 
ccmcemed with whether granite is or is not an igneous rockr-:4hat 
is, whether it has or has not consolidated from a melt. If we admit 
a doubtful genetic cH>ntrol we fetter ours^ves without advamta^. 
It is accordingly best to base our definition on pri^rties 
minable in a hmlp of granite whioh eoi^ lust as weB have jbe^ 
acquired by purchase or gtft as by field-work. If tins i^ admitfod 
then we cannot do better than ade^jfe tipo Ne^ 
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definition: “ granite is a granular crystalline rock, consisting 

essentially of quartz, ortkoolase-felspar and mica, much used in 
building.” From inspection of the specimen, there could be added 
to this that the grain-size is large enough for the individual minerals 
to be recognised and, from microscopic observation, that the con¬ 
stituent crystals had iuterfered with one another’s free development 
during, their growth. This definition can be properly based on the 
loose specimen of granite. We have to enquire into the proposals 
for producing such a rock. 

The Neptunists, headed by Werner of Freiberg, had decided 
that granite was a chemical precipitate; Hutton had shown that 
granite was an igneous rook crystallised firom molten rock-substance. 
But even so, at no time have aU granites been accepted as igneous. 
Thus Lyell proposed early in the last century that granite was 
produced by the transmutation of rock in depth through the agency 
of fluids acting under high temperatures and at great pressures— 
this ifi the celebrated metamorphic theory. At the same time there 
■^ere^ developing in France those ideas concerning granitisation 
and felspathisation that have come to be the characteristic glory 
of French geology. Basing their conclusions on the investigation 
of many granite-contacts in Brittany and Normandy, Central France 
and the Pyrenees, an illustrious fine of French geologists—^Fournet 
and Elie de Beaumont among lihe earlier, Mchel-Levy and Lacroix 
among the later—has provided a body of contributions fundamental 
for the discussion of this subject of granite. We may glance at 
these in the merest summary. 

The French emphasised that there are many kinds of granite 
wmtacts 5 in some the coimtry-rocks are sharply delimite'd from 
the granite, in others the country-rocks gradually pass into granite 
through a transitional zone of metamorphic and felspathised rocks. 
In this latter type, abundant transfer of material from the granitic 
zone into the metamorphic zone could be demonstrated. They 
correlated style of contact with depth of granite formation, clean 
and definite in the upper levels, hazy in the lower. They related 
this to the operation in depth of a granitisation-process involving 
either an intensifioation of metainoi^hism or the activity of a 
granitic melt which itself produces: the metamorphism. In either 
operation, they invoked the action of energetic fluids and gases— 
mineralisers, volatiles or,emanations—that made the country-rock 
as it stood over into ^amte or prepared it for an advance of the 
granitic melt. They envisaged conditions under which metamorphic 
roofe could become igneous rooks. It will help in yrhat follows if 
>: ^ ^fine the process of granitisatiott mentioned above : it is that 
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by which solid rocks are converted to rocks of granitic character 
without passing through a Hquid stage. 

But whilst the French ^ school was producing these brightest 
ornaments of its genius, an authoritative, and eventually author^ 
itarian, creed was being promulgated in Germany. Here Rosen- 
busch had shown that at a small granite contact in the Vosges, 
no transfer had taken place and he extended this conclusion to all 
granite contacts. He interpreted the felspathised and granitised 
zones observed by the French as due to d 3 ?iiamic metamorphism— 
granites had been sheared during episodes of crustal folding. 
Rosenbusch was one of the pioneers of microscopic petrography 
and attracted students from all countries. This circumstance, 
helped by his authority and perhaps aided by the Teutonic fashion 
coming with the Prince Consort, led to the adoption of Rosenbusch’s 
views in Britain and America; granites were igneous rocks and 
granitisation did not occur—^these were views that filled the French 
with astonishment, to say the least of it. Franco-Prussian wars 
have been fought on mtoy fronts. 

The general problem that divided the French and Germans still 
remains unresolved though the particular emphasis may have 
changed. A division of opinion still separates those geologists 
who consider that granites are always igneous, consolidating from 
an intrusive melt which has displaced a certain volume of country- 
rock, and those who consider that granites are formed by the 
replacement of country-rocks through granitisation. It has come 
to be displacement versus replacement, magmatic granites versus 
non-magmatic. The magmatic interpretation necessitates a granitic 
magma and we may now examine how it is proposed such a magma 
might arise. 

Ma^a is completely fluid rook-material; on consolidation 
magma gives rise to the igneous rocks—^these are statements 
acceptable to all. But when we consider how granitic magma 
might be made we encounter a diversity of opinion even among 
the magmatists. Some favour the classic view of Durocher and 
Bunsen that there are two independent primordial magmas, one 
providing the granitic rocks, the other the basaltic. The actual 
occurrence of igneous rooks in the crust gives support to this view 
-—the commonest rocks granite and basalt, other types being 
relatively rare. Further, it is reasonable to derive these two 
contrasted magmas from the two outer earih-shells postulated by 
earthquake-investigation. The granitic rocks, confeed to the ^nti- 
nental masses, come from the ^oonlmuous sial layer, the ba^ 
occurring in continental and oceanic areas alike,- edma 
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ooB.%HHtaus werid-wide simatic layer. Two shells, two magmas 
seems sound. 

€ieophysical considerations suggest that the sial and sima are 
solid, so that the granifcie magma has to be produced by melting, 
pure or otherwise. From the many proposals to bring about pure 
melting we may select two—the one depressing the sial into the 
hot Maa, the other raising the hot sima into the sial. In the 
fold-belts of the" crust ^at piles of sediments are involved that 
were deposited in geosynGlmal depressions'—^these depressions localise 
the folding and hence further depression and thickening of the cover. 
According to Anderson geophysical evidence is not opposed to the 
suggestion that the cover may become thick enough to cause the 
sial to melfc and the resulting granitic magma to rise up into the 
Md-roots. it is an observed fact that the greatest granitic bodies 
are situated in the fold-belts, are elongated along them and came 
mto place soon afteir the paroxysm that caused them. On the 
other hand, hot basaltic magma, produced by the melting of the 
sima, rising through the overlying sial might melt this and provide 
a small amount 0f granitic magma. Certainly, there is a puzzling 
association of granitic and basaltic rocks in many igneous complexes 
that might be exjdained by this mecfhanism. 

'Pure melting has many diffieulties; partial melting or partial 
solution is conMdered to have few^.- Many geologists (especially 
Edkofe of Helsinki) who are familiar with the" oldest portions of the 
crust have suggested that« ^ deep the more fusible cpnsti- 
tu^ts such as rquartz and fdfepar may rue^ tn sufficient quantities 
to of granite magma t^hen the sponge is squeezed 

T?liis partial fusion may assisted by 
k^lution brought about by the activity of energetic fluids ; but 
heio we meet a topic that is best considered later in this account. 

ihupiag the last twenty years or so the classic two-magma view 
has;%ecome replaced among the magmatists by a one-magma view 
the magma m view is not granitie. The gigantic bodies of 
basaltio^ 3^^ dominantly lava-fiows, found in al parts of the 
c^mst 4 in composition;. Prom this 

ofroumstaoce it is eoncluded that va^ quantiti^ of basaltic magma 
have be^ at av^Ssib b^ meltihg of tte s^ Basaltic 

is thu^^4magiha primary Ik its own right. 0n the orthodox 
modei^ view ^amtie magm4 % simply the residue resulting from 
the sepm?a^ao3a of ciystiis the prnnaiy basaltic magma. The 
fiibt ei^^als to form ha sudfc a magma would be the heavy irbn- 
m siMeates, olivine ^ and pyroxene; their crystallisation 

; the Residual melt enrich^ m ^hoa and alkalies, oxides not 
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required in ^eat abund^nee im ojyt¥ine pyroxene but the cbarac- 
terfetio oxides of tke granitic rodks. If therefore at some, suitable 
stage the early crystals could fee removed from the melt, a granitic 
magma wuld become iavailable. This separation could residt from 
sinking of the heavy crystals or fey the squeezing-out of the ftuid 
residuum from a luesh of them, either through pressures during 
folding .or the weight of the mesh of crys^tajs. By tapping the 
crystallising magma at appropriate tunes there could be drawn off 
partial magmas of diverse composition that are held to provide the 
variety actually seen in the igneous rocks. We must here confine 
ourselves to the question of the production cff the extreme term, 
the graniric magma. 

Most geologists woidd readily admit that granitic magma could 
arise in any required quantity by direct melting of the granitic 
sial. To SiCHue, on the other hand, it seems a difficult matter to 
produce a magma of the requisite volume and composition by 
erystal-fractioaation of the primary basaltic magma. Their criti¬ 
cisms of this process concern the quality and quantity of the product 
and the mechanism by which it is separated from the erystal-mesh. 
They contend that the crystal-fractionation would* result in re^dual 
liquids rich in iron and point to the celebrated Skaergaard intrurion 
in Oreealand investigated by Wag^' mid Deer as giving an excellent 
demonstratioa of this in the fidtd. Supposing, all the same, that 
a granitic iPesiduum is produced, then its volume must be less than 
one-tenth of that of the basaltic magma from which it ha^ come— 
fractions nearer the basaltic parent bulkir^ more greatly. But we 
have already noted that, granitic rooks are exceedingly abundant 
in the crust ! to produce them by this means w'ould require a 
stupendous volume of primary basaltic magma. Lastly, the critics 
feel that the expulskm of the small quantity of ^granitic residual 
magma from the ery^al-mesh would be an operatiem of smb a 
kmd and of such a ma^tude that it should be eapafeie of gedkigioal 
observarion* There is, however, no field-evidefncc piriiatmg the 
action of ibc: imeessary stresses on the rfeas^rie, masses. These are 
Icrmidabierofeieduons .to lb© derivation ef granitic ma^ma from a 
baaaJtic parent %-e^eystal-fraetioB if grai^fe magma exi^s 

it must pr4?duced^^m 

If -gramti^ maguia exists—»that may seem a senseless 
fication; m the. fane of iSutton’s derisive demoMfratiqn of infrupv# 
veins m: Dion But siae does ^ter into p^bk^ 
especially with to. the moehanjsm M ihe 

snagma, whatow .its com|K)riri« The 

a narrow vein or of a .smaU body or even ctf a |^go sheet^^i^ 
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readily accounted for by structural adjustments in the crust; the 
emplacement of tens of thousands of cubic miles of magma in a 
fold-belt is an operation of another order. It is this room-problem 
that lies at the heart of this subject of granite. With it we have 
to deal with those fascinating bodies, the granitic batholiths— 
we have to discover how granites occur in the crust, • 

As their name suggests, batholiths are rocks of the depths— 
they are revealed to us only after prolonged erosion has removed 
thrar roofs of country-rocks. Mining operations disclose that they 
enlarge themselves downwards, and no floor to "them has yet been 
discovered. They are situated in the fold-belts of the crust and 
are elongated along them. They are overwhelmingly made of rocks 
of the granitic kindred. Finally, and most vitally for any discussion 
of the granite problem, they are of gigantic size—a circumstance 
that controls the whole debate. For instance, the British Columbia 
batholith is soiQe 1600 miles long by 100 miles wide, a batholith 
in Patagonia is 800 miles long and another in Montana has an 
area of 16,000 square miles. Multiply these surface dimensions by 
a third dimension even only of a few miles and we have truly 
colossal volumes of granitic rock to consider. The room-problem 
becomes a very big problem indeed. 

Let us agree for a moment with the magmatists that granitic 
magma is available in the crust. The emplacement of small volumes 
of this magma might be explained as a result of structural readjust- 
menfe in the crustal rocks. Room might be made for the magma by 
doming of its roof, or by collapse of a se^ent of the crust along 
straight or circular fractures; the emplacement of the granite 
masses-of North Arran, Cruachan and the Mourne Mountains, for 
example, has been explained along these lines. But theSe masses 
are specialj Small in size and not truly batholithio in character. 
It is true that gigantic bodies of basic rocks such as those of Sudbury 
(Ontario) and the,Bushveld in South Africa were intruded as sheets 
but the granite batholiths are not of sheet formi they have no 
floors: and they appear to replace, not to displace, the tightly-folded 
eountri^-foclte. In upper parts of batholiths, blocks of the roof 
are often i^n and it has been suggested accordingly that the Tnagma. 
has risen by wedgii^ off portions of its rOof by an operation siTnilar 
to What'the 'fflmer calls stoping. These stoped.blocks are considered 
to have sunk mit of view through the magma; It is questionable, 
however, whether blocks of ordinary country-rock would sink. 
Moreover, if they ;did :Mik they should sOon become a part of the 
. lii^na and should- so contaminate later upsurgings that their 
. temer presence should have been detected.' It can/ in fact; be 
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demonstrated in many granite batholiths that the structural pattern 
of the surrounding country-rock can still be recognised in the 
arrangement of the blocks enclosed in the granite; they have not 
changed position. 

It appears to many geologists, therefore, that the emplacement 
of great volumes of granitic magma cannpt be accounted for by 
structural or other mechanical adjustments. No mechanism has 
so far been proposed by the magmatists to solve the room-problem. 
We can, if we are made that way, ignore the problem, or we can 
quite legitimately maintain that on geological grounds vast bodies 
of granitic magma must have intruded the criist, though we cannot 
suggest how they did it. But the non-magmatists believe that the 
problem can be solved by proposing that in fact no gigantic volumes 
of granitic magma are involved in making the batholiths. These 
great bodies are the products of granitisation, the country-rocks 
being made into granite on the spot by piecemeal replacement; 
granites are only incidentally igneous. We have now to consider 
whether the granitisation proposal has any reputable body of 
evidence behind it. 

As we have already noted, the French hav^ maintained for 
more than a century that granitisation and felspathisation were 
demonstrable at their granite contacts. For the most part, how¬ 
ever, they considered that a granitic magma was involved—^its 
intrusion was preceded by a cortege of emanations that trans¬ 
formed the wall-rocks into granite and so made possible their 
assimilation by the advancing magma. Such a process is only in 
part granitisation. A somewhat similar position was taken up by 
Sederholm, the Finnish master, as the result of his early studies 
of the Fennoskandian basement. There granitic magma was con¬ 
sidered to mix in varying degrees of intimacy Vith the country- 
rooks to produce migmatites, mixed rocks. Later, Sederhdlm came 
to place more emphasis on granitic juices or ichors as the active 
agents in migmatisation, but still granitic magma was somewhere 
below as the source of these. Under the influence either of ichors 
or of magma, the country-rocks could be melted or dissolved to 
produce a new-born magma that Sederholm called anateotic. But 
thorough-going granitisation in the mc^ern sense does not appear 
to have been countenanced either by the classic French school or 
by Sederholm. 

But modem Fennoskandian geologists, working in some cases 
over Sederholm’s own ground, are among the foremost advocates 
of granitisation. They havo come to the cohclusioh that many Of 
the Finnish granites—bulking very large and red on the geological 
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»maps—are the result of soaking of country-rock and its trans¬ 
formation by metasomatism into granite. Granitisation has now 
become the most important process iii migmatisation. It is brought 
about by the activities of emanations—to use a nice non-committal 
term—coming up from below and moving through the rocks, leav¬ 
ing them changed into granite behind them. Wegmann in par¬ 
ticular has stressed this proposal of fronts of different qualities 
moving at different speeds with different results through the frame¬ 
work of the diverse country-rocks. The process is helped by an 
intergranular jSlm or pore-liquid and it is considered capable of 
transforming vast volumes of country-rocks, none of which at any 
time need be in a magmatic condition. Granites may be, on this 
interpretation, completely non-magmatic. It is as well, then, to 
adhere to the definition aheady quoted from the Nm English 
Dicti<ymry^ 

Granitisation requires little or no magma and would provide 
a complete solution of the fundamental room-problem. It is essen¬ 
tial, therefore, to endeavour to estimate the validity of the field- 
evidence on which it is based, for in a geological discussion like this 
the field-evidence is decisive. 

. The evidence comes from all over the world and is provided by 
geologists of almost every land. .Dozens.of sections have been 
mapped and described that indicate, without reasonable doubt a 
gradual passage from country-rock to granite through an inter¬ 
mediate, zone of migmatisation and felspathisation. Dipping our 
hand ,into the bag, as it were, we bring out among recent work that 
of Gqldsdnnidt in Jldrway, Anderson in California and Nevada, 
m Greenland, Barth in New York, Fernando in the 
Shetlands, Cheng in North Sutherland, Read in Central Sutherland 
and Aberdeenshire, Doris Reynolds in Ireland, MacGregor in Gallo¬ 
way, Wilson ia Yugoslavia—^and we could add dozens more. It 
may be objected-—and it often is-^-^that such transitions are best 
interpreted as contacts between magmatic granites and unaltered 
^uhtry-rocks.with a relatively unimportant felspathised belt be¬ 
tween. It is here that one remarkable feature of these contacts 

felspars occur in 

co^try-rock and granite alike---there is no possible doubt about 
this, ; We look into, it more closely. 

The large felspars of granite are considered by the magmatists 
to be formed; by .crystallisation from the granitic magma ; some 
of th^e fdspars aro pec^^ complex and if this is their manner 

of fbrmWion then their crystaHisation-history has been a compli- 
pne. - But e^ctly sunilar felspars are found in the country- 
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rock, this being in many cases of sedimentary origin ; these felspars 
have undoubtedly grown in the solid country-rock. If identical 
complex felspars can be formed in two such different environments, 
then the application of physical chemistry to rock-formation becomes 
meaningless. It is clear that there can be only one environment, 
the . one that can be proved, that of the solid country-rock. 

Now return to the exposxires showing transitions from, country- 
rock to granite ; on the country-rock side, the granitisation-process 
begins by the growth of large felspars and other less conspicuous 
components of granite, and proceeds with increasing intensity tiU, 
passing through the migmatite and felspathised zone, the granite 
itself is reached. This was all said a century ago by LyeU and the 
French. It can be demonstrated in any city opulent enough to use 
large polished slabs of granite in its buildings. 

Some granite masses are admittedly eruptive ; they break the 
continuity of the rocks, their appearance is sudden and we meet 
them without warning—^to paraphrase a statement of de Lap- 
parent’s on eruptivity. Sharp and discordant contacts could arise 
in granitisation by, for example, a halt in the movement of the 
migmatite front or through the circumstances of temperature pres¬ 
sure or concentration governing the reactions. But there appears 
to be no reason why the granitisation-products should not become 
able to flow or to move; the fashionable term for this process is 
mobilisation—a word which should keep its ordinary English mean¬ 
ing of making movable. Mobilisation may be brought about by 
loss of cohesion between the grains of the rock through increase in 
the amount of intergranular fluid, either indigenous or introduced 
by soaking, and is assisted by increased temperature or pressure 
and the arrival of fresh energetic emanations. The result may be 
a mixture of relic grains in a fluid base—a mixture that has been 
given the name of migma. When migma consolidates it produces 
some of the migmatites. If the process of making migma goes so 
far as to liquefy all the relic grains, then clearly a magma has been 
formed and this, on solidification, wall naturally give an igneous 
rock. At any stage of the migma-making, the sponge may be 
squeezed by folding pressures in the crust leading either to erup¬ 
tivity of the migma or to the expulsion of the liquid portion to 
collect as another-Sample of magma. The foregoing illustrates what 
the waiter considers to be the correct use of migma and magma; 
from this the .true significance of the adjective igneous can 
assessed.' 

There is oh this view a unity in' the gramtes, whether ^ahitisa- 
tion-products or migmatiteS or magmatites. This hmty waa ii^ 
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in the views of Lyell and the French school; one aspect of it is 
expressed in the statement of Termier, for example, that where we 
jSbid a granite surrounded by zones of migmatisation and meta¬ 
morphism we are dealing with a granite made in place and that 
where a granite is sharply defined from its country-rock it has 
arrived ready made from lower levels. This genetic connection 
between schists, gneisses and granites lies at the heart, the writer 
believes, of regional metamorphism and may now be briefly 
considered. 

When the great terranes of the. regionally metamorphosed rocks 
are traversed it is found that , differences of metamorphic grade are 
revealed by the presence of different minerals in harmony with the 
different environments. For example, a series of metamorphic 
zones marked by the occurrence in order of the index-minerals 
cUorite, biotite, garnet, kyanite and sillimanite, has been mapped 
in the South-East Highlands of Scotland. Rocks of the highest- 
grade zone, that of sillimanite, are associated with granites in a 
central area of migmatisation around which the lower-grade zones 
are arranged as an aureole. This pattern can be reproduced from 
aU the great metamorphic areas of the world. It is evident thereby 
that granitisation, migmatisation and regional metamorphism are 
genetically related. This relation becomes interpreted when > the 
doctrine of ..fronts is considered. The process of granitisation tak¬ 
ing place in the kernel leads to the expulsion of waves of meta¬ 
somatism which, passing through the surrounding cotmtry-rocks 
under changing chemical and physical controls, promote the forma¬ 
tion pf the series of metamorphic zones about it. Regional meta¬ 
morphism, therefore, has little to do with stress or folding or 
deformation^—^it is largely an affair of permeation by metasomatis- 
ing solutions. It is only by this kind of operation that the delicate 
original textures of the sediments, for example, can be preserved 
when the rocks are thoroughly' recrystallised. 

The schists and the gneisses and the central granites thus make 
up a natural group of rocks, though the three components are 
separated in most present-day schemes of classification. When 
we look into this natural group we find it to be none other than 
Lyell^s Pri^nar^ JBoc&a, fornied according to him by plutonic action 
in the depths of the crust. To quote from the master : “ to this 
plutonic action the fudon of granite itsqlf in the bowels of the 
earth as well aa the development of the metamorphic texture in 
sedimentary strata may be attributed.’’ Any modem rock-classi- 
fieation that divides up, a natural association of rocks may have 
some but may he discarded with few regrets by seekers 



THIS SUBJECT OF GRAlSriTE 


669 

after a genetic classification. The writer has therefore returned to 
Lyell and proposed that there is a plutonic class of rocks, com¬ 
prising the granitic and the metamorphic, formed in connection 
with crustal compression in the fold-belts where the sialic layer 
may become actirated. 

Having taken the first step down the slippery slope of genetic 
rock-classification, the writer deemed it necessary to finish the job. 
The French have always more or less explicitly separated the 
granitic-plutonic rocks from the basaltic-volcanic, and the same 
separation is apparent in the early tenets of Lyell. This distinc¬ 
tion has been lost sight of in Britain and America where the German 
igneous blanket covered all. Recently Kennedy has re-established 
the fundamental difference between the Plutonic class (as defined 
above) and the Volcanic association. The Volcanic class is domin¬ 
antly basaltic in composition, truly magmatic, mainly effusive and 
associated with crustal tension. Its basaltic magma is derived in 
large draughts directly from the simatic layer. 

The third class of rocks is the sediments ; these are dominantly 
marine and the writer has been impetuous enough to propose that 
they be called Neptunic, 

The new rock classification—or the. refurbished old classification 
of Lyell—^is then Neptunic, Volcanic, Plutonic. Into each of these 
divisions go naturally large numbers of the common rocks of the 
crust, the sediments into the Neptunic, the basalts, dolerites and 
gabbros into the Volcanic, the metamorphic rocks and granites into 
the Plutonic. There remain admittedly important rocks whose 
position is not yet clearly established,, but this is a task to which 
the writer feels we may confidently address ourselves now that we 
are free from the igneous fetters. Rocks have ceased to be merely 
nicely-trimmed specimens in museum-cabinets ; they have become 
once again parts of the crust recording in themselves fundamentally 
different styles of earth-^history. This reorientation becomes pos¬ 
sible so soon as we consider seriously the room-problem that 
constitutes this subject of granite. 

BIBLIOGRAPHIC NOTE 
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on Granite: Part I, Proo. Geol, A88oo,\ 1943, 54, 64-85, and Part II, ibid,, 
1944, 55, 45-93 ; useful additional references will be found in Holmes, 
Natural History of Granite, Nature, 1945, 155, 412. 
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Industrial mycology is concerned. with the activities of the 
organisms commonly known as ‘‘ moulds.” The term is a useful, 
but unscientifiCj means of denoting the micro-fungi which are found 
contaminating industrial raw materials and mariufactured products. 
The moulds do not constitute a natural group in the mycologist’s 
classification but include species belonging to three out of the four 
classes of fungi, Phycomycetes, Ascomycetes and Fungi Imperfecti. 
'Very many of them grow on a wide range of substrata and, owing 
to their ability to flourish at temperatures varying from freezing- 
point to about 40° O., are fouiid in all parts of the world. 

The activities of moulds may be classified as harmful and 
beneficial. On the one handi they cause an enormous amount of 
damage to almost every type of material which is of Organic origin, 
the tiisk of the industrial mycologist in this field being to develop 
meam of protection which will prevent the damage as far as pos¬ 
sible. On the other hand, a number of moulds, when grown under 
suitable conditions, can synthesise, from comparatively simple and 
readily available carbon compounds, useful substances which the 
organic chemist cannot manufacture economically. During the 
war years advances have been made in both branches' of industrial 
mycology, in our knowledge of the best means of combating the 
harmful activities of moulds, and in useful applications of mould 
metabolism. In addition, no review would be complete without 
some mention of a number of recent publications, on the taxonomy 
of fungi, which are of great importance to all students of moulds. 

Tkis 

Our better understandihg of methods of control are due, in large 
measure, tp the war in the tropical regions of the Far East, The 
majority of moulds grow most readily when the temperature is 
moderately high, 75-85° F. (24-30° C.), and when the relative 
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humidity of the air is very high. Such conditions obtain only 
occasionally in this country, but in tropical jungle the relative 
humidity may be close to lOO per cent, for considerable periods, 
with little variation between night and day. It is not surprising, 
therefore, that, during the war, the problem of maintaining military 
stores and equipment in good condition was a very serious one. 
In reality the problem was by no means a new one, but merely 
came into prominence during the war, owing to the enormous 
amounts of materials involved, and the necessity to economise 
shipping to the utmost. Before the war much of the loss, in tropical 
countries, caused by moulds was taken for granted and, moreover, 
there was no co-ordinating body, like the Ministry of Supply, to 
initiate research which would benefit many different industries. 

Packing ,—^To a large extent the methods of protection of stores 
during the war were based on well-known principles. In theory 
the simplest method of control of mould growth is to limit the 
relative humidity of the air in contact with the goods to a figure 
not exceeding 70 per cent. For goods wliich are to be shipped to, 
and stored in, a region of high atmospheric humidity, this involves 
packing previously dried material in hermetically sealed containers. 
Questions of cost and, more impoitant during the war, shortage of 
metals, limited the range of equipment which could be safeguarded 
in this way. For photographic materials and certain medical supr 
plies there was no alternative, but for machinery, fabrics, leather 
goods, optical instruments, and electronic equipment other methods 
had to be found. Packing materials had, of course, to be in them¬ 
selves highly resistant to attack by moulds. In addition they were 
selected not only'to give adequate mechanical protection but to 
retard access of moisture-laden air. For delicate machinery and 
instruments it was found that really well-made wooden oases pro¬ 
vide a good first-line barrier, since water vapour diffuses only very 
slowly through properly constructed joints. Waterproof crSpe 
paper, either* as a fining to the cases or as wrappings for the con¬ 
tents, still further retards ingress of moisture, often to such an 
extent that a drying agent such as silica gel, inside the package, 
can deal with all the moisture which penetrates over a compara¬ 
tively long period. For soft goods, such as clothing and bedding, 
existing methods of high-pressure baling were adopted duriag -the 
war with little modification, the only real improvements being the 
use of mould-proofed papers and of more highly; waterproofed 
crSpe paper and hessian for the final coverings^ 

Mould-proof Mai&nala ,—As a result of thousands of tests our 
knowledge of the innate mould resistance ofva large variety of 
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materials has greatly increased. Much of the work was carried out 
with a view to rendering wireless sets, and other electronic equip¬ 
ment, mould-proof under field conditions, it being found that the 
only really satisfactory method of proofing equipment of this type 
is to use in their construction only the most highly resistant materials 
available. Materials with good insulating properties, and which at 
the same time are not appreciably attacked by moulds even under 
the wcarst conditions, are vulcanised rubber and a number of 
plastics, particularly polyvinyl chloride (P.V.O.), polythene, and 
most of the high temperature phenolic plastics. With the latter, 
care has to be taken that the fillers, incorporated to increase 
mechanical strength, have adequate mould resistance. If unsuit¬ 
able fillers are used mould may grow inwards from cut edges and 
imperfections in the surface and may even cause complete dis¬ 
integration. 

The high resistance of vulcanised rubber has been made use of 
in another connection. Ponded cork is largely used for gaskets, 
but the ordinary varieties, bonded with glue or casein, are rapidly 
broken down to a crumbly mass when attacked by moulds. Cork 
itself is not mould-proof but is not appreciably decomposed, the 
failure of the bonded material being due to breakdown of the 
adhesive. Rubber-bonded gaskets develop a thin superficial growth 
of fungus but retain their strength and flexibility for a long time. 

The resistance of pure cellulose is not a new discovery, but it 
took a long timej even when the problem of supplying mould-proof 
equipment was urgent, to get the knowledge properly utilised. 
Many moulds do not attack cellulose at all, and those which are 
able t6 digest it do so only when certain other nutrients are present 
as impurities. In practice it is found that cotton, boiled for at 
least an hour with 1 per cent, soda ash and then well washed, has 
a very high resistance to attack by fungi. The process does not 
produce pure cellulose but does remove most of the inorganic mattW, 
soluble carbohydrate, and fat, leaving only traces of material which 
can be utilised by moulds. If cotton is first treated in this way 
the problem of making it completely mould-proof is very much 
simplified. 

—^During recent years there has been an intensive 
search for new antiseptics, to meet the many and varied demands 
for mould-proof materials. The most successful of the introduc¬ 
tions in the decade before the war were undoubtedly salicylanilide 
(Shirlan), developed by The British Cotton Industry Research 
Association primarily for use in fabrics^ and the organic mercurials, 
us^ as seed dressings for the control of parasitic, fungi. 
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The organic mercurials exhibit amazing potency in laboratory 
tests, but attempts to extend their use to the protection of a wide 
range of materials have met with very limited success. Various 
claims have been put forward regarding the value of the phenyl 
mercuric compounds as antiseptics for textiles, but, unfortunately, 
they are decomposed when processed fabrics or yarns are dried 
over heated metal cylinders, and hence have very limited applica¬ 
tion in this field. They have, however, been used successfully in 
paints and varnishes. 

Salicylanilide has been tested far more severely than it was 
before the war and has proved its value. It has one useful charac¬ 
teristic which is not shared by a number of other common anti¬ 
septics. Some substances are effective in suppressing mould 
growth at moderately high humidities, but very rapidly decrease 
in efficiency as the relative humidity approaches 100 per cent. 
Shirlan, although developed originally for the protection of cotton 
goods under conditions less severe than those of tropical jungle, 
has been found to be fully effective at 100 per cent. R.H. The 
quantity used has, of course, to be greater than that required 
for less stringent conditions. The actual amount required is 
0*07-0*1 per cent, of the weight of the fabric or othet material, 
whereas the original recommendation of the B.O.I.R.A. was 0*04 per 
cent. An interesting result of the many tests carried out during 
the war is that this substance is effective only in hygroscopic 
materials such as cellulose. Its antiseptic value is very low when 
it is incorporated into non-aqueous media such as oils, paints, and ^ 
varnishes. 

During the war the demand for Shirlan exceeded the supply 
and substitutes had to be sought. The best of these, found to be 
quite equal to Shirlan in antiseptic potency, is mercaptobenzthiazole, 
a substance commonly used as an accelerator in the vulcanisation 
of rubber. It has long been known that a mixture of two or more 
antiseptics is more efficient, weight for weight, than any one of 
them used alone. It is not surprising, therefore, that the best 
results on certain types of military equipment were obtained with 
a mixture of salicylanilide and mercaptobenzthiazole. 

For the protection of fabrics which have to withstand exposure 
to the weather nothing really new has been evolved. Neither 
Shirlan nor mercaptobenzthiazole is of use in this connection since 
both are rapidly leached out by rain. The old process* of dyeing 
with mineral khaki {chromic oxide plus ferric oxide), provided that 
soluble salts, and in particular compounds of hexavalent chromi u m, 
are removed after impregnation, gives an excellent degree of resist- 
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ance: The real antiseptic is chromic oxide^ and it has been found 
that this can be used alone, when it gives only a pale greenish 
shade on which other colours can be dyed. For very heavy 
rnaterials, such as tarpaulins, and for cordage, copper naphthenate 
has beeii widely used. 

Volatile Antiseptics, —^Volatility is one of the least desirable 
properties of an antiseptic to be used for the protection of textiles, 
paper, wood, leather, etc., since exposure to air would result in 
gradual evaporation. During the war, however, there arose several 
problems for the solution of which volatile antiseptics appeared to 
be promising*. The first experiments were carried out with wire¬ 
less sets, for, although methods were fairly soon suggested for 
making neW sets mould-proof, there were an enormous number of 
sets aheady in use which needed protection, and the presence of 
a quantity of volatile antiseptic inside any set which is reasonably 
airtight should, in theory, prevent mould growth. Later, experi¬ 
ments were extended with a view to preventing growth inside 
optical instruments, such as binoculars, telescopes and range¬ 
finders. 

The method of test used for the preliminary experiments was 
crude but gave interesting and valuable results. More elaborate 
experiments, designed to determine the limiting concentrations of 
various antiseptics in nioisture-satufated air which would suppress 
mould growth, were started just before the end of the war and have 
not yet-^been completed. The method used was to place within a 
" large glass vessel, nearly but not quite airtight, a dish containing 
a small quantity of the substance to be tested, an open Petri dish 
containing culture medium, several pieces of material which were 
known to be readily attacked by moulds, and a large dish of water 
to maintain a saturated atmosphere. The contents of the vessel 
werb sprayed with a water suspension of mould spores before 
incubation. Tests were carried out at various temperatures, 24^, 
30°, and 37° 0., so as to get a rough idea of the volatility of the 
substance. Any substance wMch completely inhibited growth in 
tb^e experiments was farther tested for its action on insulating 
materials and on the various metals used in the construction of 
troele^ tets and optical instruments. 

The alkyl organie mercurials, such as ethyl mercuric chloride 
and ethoxycthyl m^rcu^ chloride, completely suppress all mould 
growth under the conditions of test* At the same time they 
volatilise ot% slowrly, Suggesting that fairly small quantities could 
be used to give reasonably lasting protection to instruments which 
not completely airtight-' Unfortunately, the^^ substances 
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attack many metals in presence of moist air and, in addition, are 
unpleasant to handle. 

Camphor and terpiheol are both very effective in suppressing 
growth, hut are too volatile to permit of their use in any apparatus 
which is not hermetically sealed. 

Cresatin ’’ (metacresol acetate) was found by American workers 
to be an excellent volatile antiseptic. It has a sufficiently low rate 
of volatilisation, which can be further controlled by incorporating 
the substance, in various proportions, in ethyl cellulose. However, 
it tends to hydrolyse to some extent in moist air and, in consequence, 
attacks a number of metals. 

Thynaol is the most promising of all the materials tested. It is 
highly toxic to moulds, it volatilises only slowly, it has an agree¬ 
able smell and is pleasant to handle, and, being quite neutral, it 
does not attack metals. 

Unfortunately, all the effective substances are absorbed, to 
vaiying degrees, by other organic materials. In wireless sets they 
tend to swell rubber and to soften paints and varnished sleevings. 
In optical instruments they are absorbed by, and soften, Canada 
balsam, and hence cannot be used in certain types of instruments 
containing balsam-cemented components which are freely exposed 
to the vapour. Nevertheless, it is probable that, when we know 
more about the minimum effective concentrations of some of these 
substances, it will be possible to use them in such a way as to 
avoid the difficulties, and, in the meantime, the knowledge gained 
may have use in other connections. 

Uses op Moulds 

Moulds have been used for a considerable number of years in 
some industries, as, for example, in the manufacture of citric acid 
and galKc acid. Other commercial processes of great antiquity-— 
bread-making, cheese manufacture, and the preparation of alcoholic 
liquors—are based on the activities of moulds or their near relations 
the yeasts. There have been no noteworthy advances, during 
recent years, in developing the utilisation of moulds along these 
lines. Instead mould biochemistry has taken a new turn in the 
search for antibiotics, that is, products of mould metabolism which 
will inhibit the growth of other organisms such as pathogenic 
bacteria and fungi; * /- 

The story of penicillin has often been told and will not be elabor¬ 
ated here. However, it is interesting to note that the publication 
of Fleming’s original discovery* of the antibacteriid prope^^ ef 
culture filtrates from Penicillm^ notatum^ found an imrespoiasive 
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world, and ten years elapsed before there was any serious attempt 
to apply the knowledge. Even then it is at least doubtful whether 
we should now be able to receive penicillin treatment whenever 
necessary if it had not been for the war. It is unlikely that the 
enormous sums of money, which have been expended in the develop¬ 
ment of methods of large-scale production, would have been forth¬ 
coming if the war had not altered, for the. time, being, our scale 
of values. 

The difficulties encountered in the early attempts to manufac¬ 
ture penicillin, and the fact that this substance has no action on 
a number of pathogenic bacteria, naturally stimulated the search 
for other mould products with antibacterial properties, in particular 
for a product which can inhibit the causal organism of tuberculosis. 
Enormous numbers of species of moulds have been tested in various 
laboratories, both in this country and abroad, but, although quite 
a number of new antibiotics have been isolated, very few of them 
are at all promising from the point of view of practical application. 
Although some of the substances inhibit pathogens which are in¬ 
sensitive to penicillin, they are too toxic for general administration. 
The most promising of the new antibacterials is undoubtedly 
Streptomycin, and this is obtained, not from a mould, but from 
an Actinomycete, griseus. This substance inhibits 

Mycobacterium tuberculosis both in vitro and in vivo, and has given 
encouraging results in a number of clinical trials, but, in spite of 
all the experience gained in the manufactrire of penicillin, it is at 
present difficult to produce and very costly. Recently Hollande, 
in Emnce, has described an antibiotic obtained from one of the 
higher fungi, OUtocybe Candida, which inhibits M. tuberculosis in 
laboratory animals, and the results of further tests are awaited 
with interest. The difficulty here is likely to be the collection of 
sufficient raw material, unless it proves possible to grow the fungus 
on artificial culture media. 

Another of the new antibiotics is interesting from two points of 
vi^. Patulin, which is produced in varying yields by a number 
of sj^cies of PenicilUum and Aspergillus, first came into prominence 
in 1943 as a possible cure for the common cold* Subsequent large- 
scale trials failed to corroborate the original findings and, at the 
pr^nt thne, interest in the subject ha^ completely subsided. 
Nevertheless, it is difficult to explain away the results of the first 
experiments and the rhatter might repay reinvestigation. Patulin, 
however, shows markM antibiotic activity in quite another direc¬ 
tion. Van Luijk (193fi) first showed that whenPcmctHmm ^j^an^'ifcm 
is ^grqwn’^^ on synihetic culture media; the filtered culture fluid has 
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very strong powers of inhibiting the growth of species of Pyihium.- 
Species of the latter genus are serious plant pathogens, attacking 
a variety of cultivated plants and especially causing damping-off 
disease of seedlings. Van Luijk found that his culture filtrates not 
only inhibited the growth of a number of species of Pyihium in 
vitro, but, when added to soil which was heavily infected with 
PytMum, permitted seedlings to grow normally, whereas identical 
seedlings, planted in the same soil without the antibiotic, were 
rapidly wilted. Later experiments in tlm country (Anslow ei aL, 
1943) showed that the anti-fuhgal activity of culture filtrates from 
P. expansum can be explamed on the basis of their content of 
patulin, since the pure substance completely inhibits the -growth 
of species of Pythium at a concentration of 1 : 400,000. Pure 
patulin is fairly easy to prepare in quantity using Penicillium 
patulwm, which gives a better yield than P. expansum, and there 
is a promising field for the investigation of its possibilities for the 
protection of plants on a commercial scale. 

In 1932 an American worker, Weindling, published the first of 
a series of papers in which he showed that a common mould, 
Trichoderma lignorum {= T. viride), produces a substance which 
is very active in suppressing the growth of some parasitic fungi.. 
The strain of Trichoderma which was used in early experiments 
was thought at first to be a species of Oliocladium and, in conse¬ 
quence, the crystalline substance which was isolated from culture 
fiOltrates was named Gliotoxin.’^ T. viride was found to become 
readily established in over-wet soil, in which the parasitic Pythia 
also flourish, and some success in the control of damping-off was 
achieved by this means. . Incidentally, gliotoxin is active also 
against pathogenic bacteria, but is much too toxic to human beings 
to be of use in medicine. More recently Brian and McGowan 
(1945) have found that some strains of T. viride produce a second 
substance, which they named “Viridin” and which, although it 
has no effect on bacteria, is even more active than gliotoxin against 
parasitic fungi. Its great disadvantage is that it is very unstable. 

The work just described has opened up a promising new field 
of research. It is probable that, just as a considerable number of 
species of moulds have been found to produce antibacterial sub¬ 
stances, it will be found that many can synthesise anti-ftingal 
agents. However, the discovery of a new antibacterial h^ to be 
followed up by an extended series of tests to determine its toxicity, 
its action on leucocytes, and its stability in the body, before there 
can be any question of using it in attempts to cure humian diseai^. 
Similarly, any new anti-fungal agents wiU have to be tested f^^^ 
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their action on the plants to be protected. It is highly probable 
that, just as many of the antibactdrials are toxic to animals, so 
some of the anti-fungal agents will prove to be toxic to plants. 

Taxonomy op Moulds 

The importance of taxonomy in mycology can hardly be over- 
stressed. In any work on fungi, whether it is concerned with 
plant diseases, with large-scale fermentations, or with purely 
academical studies in cytology, physiology, or biochemistry, it is 
necessary to have correct identifications of the fungi themselves. 
In the past a very large amount of effort has been wasted through 
failure to realise this. For example, hundreds of papers have been 
written on the physiology and biochemistry of Penicillmm glaucum, 
and in each, aU we know about the organism used is that it was 
one of some 150 species of Penicillium. We do know, however, 
that the nutritional requirements and synthetical abilities of the 
different species show very great variety. In consequence, most 
of the published work on Penicillmm glaucum has little value at 
the present day. 

There has been a long period during which many botanists (and 
mycology is usually considered to be a branch of botany) have 
regarded plant physiology and cytology as of paramount import¬ 
ance, and have considered that time spent in taxonomic studies, is 
time wasted. At the present day there is a reawakening to a sense 
of the importance of systematic studies, but there is much leeway 
to make up, particularly in thie country. The importance of 
taxonomy in mycology has been realised sooner in America and 
some of the European countries, with the result that most of the 
r^eht work on the subject has been published abroad. 

Of great importance to many mycologists has been the issue in 
America, in 1944, of a new edition of Saccardo’s Sylloge Fungorum, 
reproduced from: the original by photolithography. This work, 
begun by .the Italian mycologist P. A. Saccardo in 1882, aims at 
publishing descriptions, ini Latin, of all known fungi. There are, 
up. to date^ 25 volumes, and it is expected that further volumes 
wiH he ibsued at intervals. Complete sets of the original edition 
are rara .and, obtainable, extremely costly, yet it is almost 
impossiHe to: carry out a serious systematic study of any group of 
fimgi: without Saccardo.” The new edition, issued at 

le^ than one-tenth the. cost of: a set of the originals, has put this 
important work on the shelves of many workers who, previouslyj 
: could consult it only at intervals, and theii by courtesy of one of the 
few Hbmries which were fortunate enough to possess complete sets. 
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Another noteworthy and recent American publication is A 
Manual of the Aspergilli, by Thom and Raper. The two related 
genera Aspergillus and Penicillium are easily the most important 
in industrial mycology, and it is highly desirable that there should 
be adequate monographs to enable workers in industry to identify 
the species they encounter. The monograph on ‘‘ The Aspergilli,'' 
published by Thom and Church in 1926, has been of the greatest 
value, but it has long been out of print and, furthermore, a fair 
amormt of new knowledge concerning the Aspergilli has accumu¬ 
lated during the intervening years. The new book, which is a 
workers’ manual and not a monograph in the true sense, has come 
opportunely at a time when interest in moulds is spreading rapidly. 
Not only does it describe all known species in such a way as to 
make identifications straightforward, if not easy, but it gives much 
information on the occurrence and importance of the various 
species in industry. 

For many years now there has been in progress in Holland a 
detailed study of the yeasts and yeast-like fungi. A very large 
number of these organisms have been maintained in culture at 
Delft, forming part of the International culture collection known 
as the Centraalbureau voor Schimmelcultures. This collection has 
formed the basis of an investigation which has resulted in the 
publication of a monograph likely to remain for many years the 
standard work on the subject. The first part, by N. M. Stelling- 
Dekker, was issued in 1931, and dealt with the true sporing yeasts. 
The second part, describing the non-sporing yeasts, has appeared 
in two volumes, the first, by J. Lodder, in 1934, and the second, 
by H. A. Diddens and J. Lodder, in 1942. , The final stages of the 
investigation were carried to completion and actually published 
under German occupation, in spite of the great difficidties of 
laboratory work, when materials for culture media were more than 
scarce and sterilisation was a serious problem. 

In England no comparable monographs have been published, 
but several papers have appeared, chiefly from the staff of the 
Imperial Mycological Institute at Kew, which have simplified the 
taxonomy of a number of genera of moulds, in particular of many 
of the dark-coloured moulds which are important to the industrial 
mycologist as destroyers of cellulosic materials. 

Meanwhile the- British Mycological Society has become very 
much concerned about the lack of trained taxonomists- A special 
committee, appointed to enquire into possible means of remedying 
the lack, issued its report, ‘‘ The Need for encouraging the Study 
of Systematic Mycology in England and Wales,” at the end df 
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1944, and a second committee has just issued its report on The 
Teaching of Mycology.’’ Even if the suggestions in these two 
reports are adopted it will be several years before the position is 
materially improved, but at least the first step has been taken and 
there is hope that, with the present widespread and growing interest 
in fungi, something definite will be done in the near future to 
restore the prestige which Britain once had in the mycological 
world. 
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The scientific study of colour involves three distinct types of 
phenomena; [a) physical phenomena, including the emission, 

absorption and reflection of light; ip) physiological phenomena, 
including the histology of the retina and optic paths, the photo¬ 
chemistry of the visual substances and the electro-physiology of 
nerve currents; and (c) psychological phenomena, in which the 
qualities of the sensation have to be described and correlated with 
the physical stimulus. Inevitably, the conception of colour derived 
by the physicist is likely to differ from that of the physiologist, 
while the psychologist must be expected to have an outlook which 
differs radically from both the physical and the physiological points 
of view. 

It is in consequence by no means easy to present an account of 
colour which is acceptable to all three \ branches of science ; the 
problem of a consistent and agreed terminology is one of the more 
obvious difficulties which must arise. The situation is in fact made 
even more complex by the existence of many industries concerned 
with colour, for example, dyeing, painting, pottery, glass, printing 
and so on, some of which have their origin in crafts dating back 
to the earliest historic periods. These industries, too, have their 
own outlook, terminology and conception of colour which, from 
the scientific point of view, it would be advantageous to harmonise 
without at the same time eliminating the more picturesque qualities 
of the individual crafts. To most people, however, colour is prob¬ 
ably of greatest interest because of its decorative and, aesthetic 
value, arid unless we can understand the approach of the artist to 
colour, we cannot claim to have a full comprehension of the sub¬ 
ject. We should not, perhaps, demand that the artist should 
understand the physics and physiology Of colour, nor can we expect 
that knowledge of what the artist does, or how he does it, 
enable us to emulate him. Gn the other hand, it should be pc^- 
sible to demonstrate qmte conclusively that theie is fid obpfl^ of 
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principle between the artist and the scientist, hut that, on the 
contrary, the two points of view are complementary to one another. 

The Light SuMXJLtrs 

The radiations which are capable of stimulating the eye are 
electro-magnetic radiations having wavelengths between the approxi¬ 
mate limits of 0-40^ and 0-75/t. K sufacient energy were available, 
radiations of shorter or longer wavelengths than these values would 
become visible, but for most colorimetric purposes these are the 
effective limits. The term “ light ” should properly be restricted 
to those radiations which can stimulate the eye, and wiU be used 
here with that connotation. 

Light is emitted through the excitation of the atoms and mole¬ 
cules of matter by some suitable agency, for example, by heat, by 
electric discharge through gases, by fluorescence, by chemical 
activation, etc. Where heat is used, as in the tungsten filament 
lamp, light is radiated over an extended range of frequencies, so 
that analysis of the light in a spectroscope reveals a continuous 
spectrum. In a gas discharge lamp, on the other hand, the light 
is normally radiated at a few, fairly widely separated, frequencies 
characteristic of the particular gas ; analysis in a spectroscope then 
reveals a discontinuous or line spectrum. 

The physical quality of a beam of light can be defined by its 
spectral composition, that is, by the relative energies of the dif¬ 
ferent radiations through, the visible spectrum. This description 
could be given in absolute energy units, although in nearly all 
colour problems we are concerned merely with relative values. 
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Where the total amount of light is involved, it is usually more 
convenient to deal with it as a separate photometric problem. 
The spectral composition of typical white ’’ illuminants is 
illustrated in Eig. 1. 

When light falls on a diffusing surface, e.g, a sheet of paper^ 
a piece of felt, etc., the rays of light penetrate to a greater or less 
extent within the particles or fibres of which the surface is com¬ 
posed, but a considerable fraction of the incident light eventually 
emerges from the surface again, after suffering a number of partial 
reflections at the particle or fibre boundary surfaces. According 
to the size, shape and arrangement of the particles or fibres, their 
refractive index, the smoothness of the top surface and so on, so 
the surface will have a matt or glossy reflection. The relative 
magnitudes of the specular and diffuse components of the reflected 
light can be determined quantitatively by recording the polar 
reflection curves of the surface for various directions of the incident 
light. 

The transparency of the particles or fibres will determine the 
whiteness of the surface. In the case of a surface made up of 
very transparent crystals, such as snow or magnesium oxide smoke, 
the surface is extremely white. If the particles are relatively 
transparent to some wavelengths, but absorb other wavelengths 
fairly heavily, the reflected light, and therefore the surface, will 
appear coloured. Again, the physical quality of the reflected light 
can be defined by its spectral composition, but since the composi¬ 
tion will be a function not only of the absorption within the medium 
but also of the quality of the illuminant, it is usual to define the 
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Spectral characteristics of the surface in terms of a curve showing 
the percentage of the incident energy which the surface would 
reflect at each wavelength through the spectrum. Typical reflec¬ 
tion curves are shown in Fig. 2. For any given illuminant, such 
as those represented in Fig. 1, the spectral composition of the light 
reflected from the surface can then be derived as the product of 
the energy curve of Fig. 1 and the reflection curve of Fig. 2. 

The type of absorption within any medium is determined by 
the chemical constitution of the medium, but it has not yet proved 
generally possible to deduce theoretically the shape of the absorp¬ 
tion curve from a knowledge of the atomic or molecular structure 
of the substance. When, however, the transmission or absorption 
curve of a solution is known for one concentration, the transmission 
curve for any otfier concentration can be calculated by the appUca- 
tion of Beer’s law. In the same way, the transmission curve for 
a mixture of solutions can be calculated from the curves of the 
component solutions, although the extension of the same process 
to the case of dyes or pigments applied to a surface is more compli¬ 
cated, since the presence of the surface may modify the type of 
absorption, and the random manner in which the hght penetrates 
to various depths within the surface involves an indeterminate 
combination of additive and subtractive light mixture. 

If suflS,cient measurements were taken, it wotild be possible to 
specify the exact physical pattern of the light entering the eye of 
an observer when looking at any given scene. The pattern in 
nearly every case is incredibly complicated, but it is important 
to recognise that the differences between, say, black, white and 
coloured surfaces, between opaque, transparent and translucent 
materials, or between glossy, matt or greasy finishes, originate in 
physical differences of light absorption, transmission and reflection. 
At the same time, lightness, colour, greasiness, translucence, etc., 
as we know them, are subjective perceptions which wotild not exist 
without an observer with an eye and a brain to record them, 
although: we normally, project them mentally, outwards and regard 
them as attributes; of the object itself: 

The VisfrAu Response 

The light stimulus ra.<frated into the eye is focused by the cornea 
• and ciystaUine lens on to the retina Kning the inner waU of the 
eyeball. The retifi^^:t^ into a number of layers, the 

layer most reahote from the cornea containing the light-sensitive 
elements, the rods and cones. W these receptors, photo¬ 
chemical substances are. secreted which decompose in the light and 
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are re-formed in the dark. The products of the decomposition set 
up a train of nerve impulses which are transmitted across the 
retina via the neurones and synaptic processes which comprise the 
other retinal layers, until they reach the nerve fibres leading off 
to the optic nerve and thence to the brain. 

The rods differ from the cones in their anatomical structure 
(although in the central part of the retina the cones become dis¬ 
tinctly rod-like in shape), in their distribution over the retina, in 
their photo-chemical secretion and in their visual functions. The 
rods operate primarily at low intensities and are not generally- 
believed to play any important part in colour perception ; this is, 
however, still a matter of some dispute. The cones certainly 
operate at high intensities and play a very vital part in colour 
perception. The cones predominate in the central 'regions of the 
retina and at the central point itself, the fovea, there is an area 
subtending 1-5° to 2° which is entirely devoid of rods, at least in 
most eyes. This is the area where vision is most acute and colour 
discrimination is most sensitive. 

The only photo-chemical substance which can be readily isolated 
from the retina and which has been studied extensively is visual 
purple. This is contained in the rods, and its spectral absorption 
(maximum absorption at wavelength 0*50/^) corresponds very closely 
to the spectral sensitivity of the dark-adapted retina when recorded 
for a retinal area where rods predominate. ’ No comparable informa¬ 
tion is available in regard to cone substances, presumably because 
their concentration is so small that they are very difficult to isolate. 
Since, however, colour perception necessarily involves some process 
of retinal reaction which must vary according to the wavelength 
of the stimulus, we are forced to conclude that within the cones 
there must be more than one type of photo-chemical substance 
secreted. If one substance were more sensitive to the long-wave 
radiations, while a second substance were maximally sensitive to 
the shorter wavelengths, then as the wavelength of the stimulus 
was changed, so the relative decompositions of the two substances 
would alter. We should then have a process capable of dis¬ 
criminating one wavelength from another. 

No reliable photo-chemical evidence for such a state of affairs 
has so far been forthcoming, but Granit [1] has demonstrated by 
electro-physiological methods that the spectral sensitivity of due 
cbne may differ very markedly from its neighbour- He h^ 
developed a micro-electrode technique by means of ^hich he has 
recorded the energy required at each wavelength in the spebtfl^ 
to produce aHhreshold nerve response from a smgle cone. The 
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inverse of this energy plotted against wavelength then gives the 
spectral sensitivity of the cone. He has also extended the method 
by subjecting the retina to selective light adaptation before record¬ 
ing the nerve currents and has thus been able to isolate one type 
of cone more readily from another. Fig. 3 shows the average 
sensitivity curves obtained for three types of receptor in the retina 
of the oat. 

The nerve currents transmitted to the brain consist of a sequence 
of nerve impulses which differ in magnitude from one fibre to 
another, but which have not so far been shown to differ in quality 
according to the wavelength of the light stimulus. On the assump¬ 
tion that all the nerve impulses are of the same kind, it follows 



Pig. 3.—Spectral 'sensitivity onrves for three typbs of receptor unit 
isolated in the retina of the cat (Gbaisot). 

that .t3ie response the different types of cone can only be 

identified in the brain if there is some geographical correspondence 
between the distribution of the cones in the retina and the sensory 
processes , in the brain. 

The VisuAU Sensation 

The end-product of the light stimulus and the visual response 
is the visual sensation. Sensatioiis are the result of some Unknown 
type of activity in the higher centres and since it is impossible to 
provide any sort of mental yardstick to measure them, the only 
knowledge we can obtain about pur sensations is that derived from 
raentai introspection. Further, any attempt to describe a sensa¬ 
tion in words can only be made by references to objects and stimuli 
which give rise to the sensation concerned. Thus, if we wish to 
e^^lain what we mean by redness,” we can only do so by saying 
th^t redness is the visual , quality which, say, blood arid a geranium 
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and the radiation of wavelength 0*65/^ have in common. Even 
then we have no means of knowing for certain that the sensation 
being experienced by observer A when looking at a pool of blood 
is the same as that experienced by observer B. Indeed, if A has 
normal colour vision while B has defective colour vision, the sensa¬ 
tions will almost certainly be different, although there is no obvious 
way of discovering how they differ. 

Bearing in mind this meaning which must be given to the terms 
describing our sensations, we can say that in normal colour vision, 
any colour sensation can be described in terms of the six primary 
sensations—^red, yellow, green, blue, black and white, ^y other 
colour has something of the quality of two or more of these primary 
colours ; thus, most observers would agree that the sensation of 
brown has something of the qualities of redness, yellowness and 
blackness in its make-up. 

The natural starting-point in any attempt to relate the physical 
quality of the hght stimulus with the colour quality of the sensa¬ 
tion is the spectrum, since the light radiations are here in their 
most elementary form. Under normal observing conditions we 
find that radiations from 0-63/^ upwards are red, from 0-59/t to 0*63/^ 
are orange, 0*57/^ to 0-59/^ yellow, 0*65/^ to 0*57^ yellow-green, 
0‘51ju to 0-d5jU green, 0-48ju to 0-51// blue-green, . 0-45/^ to 0-48/^ 
blue, and O'40/.i to 0*45/^ violet. Since the transition from one hue 
to the next is gradual and somewhat iU-defined, these wavelength 
boundaries are to some extent a matter of opinion and should not 
-therefore be regarded as exact limits. 

When we consider a heterogeneous mixture of radiations such 
as would be. reflected from the surfaces represented in Big. 2, we 
should expect that where one part of the spectrum was more strongly 
represented than other regions, the hue would correspond to that 
of the predominating radiation. As a first approximation, such a 
conclusion would be reasonable, but it is in fact only a very rough 
approximation. Before we can obtain a more exact answer, we 
have to study the effect of mixing radiations from different parts 
of the spectrum, and to investigate the basic laws of colour mixture. 

We cannot, however, assume that when we send a given light 
stimulus into the eye, we shall always arouse the sanae sensation 
in the brain. The linkage between the stimulus and the sensa¬ 
tion is a physiological and not a physical link|ige, and as such is 
subject to variations of sensitivity according to the conditions of 
the observation. In particular, the light sensitivity of the retina 
may vary over an enormous range according as the eye is fight¬ 
er dark-adapted, conresponding to a low or high photo-chemical 
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cdncentration in the rods and cones. Stimulation oi one retinal 
area will also affect the sensitivity of the neighbouring areas, so 
that the yellowness of a primrose, for example, is enhanced by 
contrast with the surrounding green leaves. Moreover, the stimulus 
under investigation wiU also produce changes in retinal sensitivity 
during an actual observation, until a balance is reached between 
the rate of photo-chemical decomposition produced by the stimulus 
and the rate of regeneration determined by the chemistry of the 
retina. The retinal area being stimulated has then become locally 
adapted to the light, but the balance will immediately be disturbed 
when that area receives a different stimulus. In consequence, when 
We are looking at any normal scene and our eyes are roving across 
it from one area to another, the retina is in a constantly varying 
level of sensitivity. 

It is perhaps surprising that we are not more aware of this 
instability, but the power of the eye to adjust its sensitivity to 
the prevailing level of illumination does in fact tend to produce 
a constancy in the appearance of non-luminous objects which is a 
most important property of the visual process. Thus, if we were 
in a room in which, by some suitable means, the illumination level 
were increased by a factor of 10, but if, as the eye became adapted 
to this higher level, its sensitivity were reduced to one-tenth ojf its 
prei^oUs valuCi then the appearance of the objects m the room 
Would be unchanged; 

The colour constancy of an object is also assisted if We recognise 
or know what the object is. The final quality of our visual sensa¬ 
tions is not, in faotj a simple function of the activity within the 
visual centre of the brainj but is determined by the integrated 
pattern of activity within the whole of the cortex. 

Even from, this very brief outline of the situation, it becomes 
immediately evident that measurement of the physical stimulus 
cannot serve as a measurement of the sensation. Sensations can 
he equated, as in photometry, where the intensity of two lamps 
may be determined fay making a brightness match between the two 
halves of a photometer field, or as in colorimetry, where the two 
halves of the field may be matched for both colour and-brightness. 
In each c^, however, the quantity recorded in the observation is 
the magnitude of the physical stimulus required to produce the 
vfeual equation ; n© measurement of the sensation is, or could be,' 
made; ■■ ■■■■' ■• ; - ' • . 

’ v; ’ CoMim ifc 

The results of mixing light stimuli depend to an important 
fficteht on the size of the" field and the area of the retina used in 
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the experiment [2, 3]. As most colour-matching observations, 
however, have been made using the foveal area and a size of field 
of the order of 2"^ angular subtense, and as these observing con¬ 
ditions are undoubtedly the most important in their practical 
application, we will limit this discussion to experiments of this 
type. Nevertheless, we niay expect results of very considerable 
theoretical interest to be forthcoming in the future from experi¬ 
ments under other conditions, particularly with very small fields. 

Suppose we have a colorimeter in which the two halves of a 
2° field, such*as that illustrated in Fig. 4, are illuminated respec¬ 
tively by a test colour C to be matched, and a mixture of red, 
green and blue radiations, which we will term the matching stimuli 
and to which we will give the symbols R, G and B. Experiment 
then shows that in general it will be possible to obtain a match 
between the two halves of the field, both for colour and brightness, 
for one particular combination of R, G and B. 



Test Co/oun, C. 

M/jcture of red, 

<^^--^matching stjmufL 
R^GandB. 

Fig. 4.—The matching field of a colorimeter. 


The fact that three matching stimuli are necessary and sufficient 
to obtain a match has been central to most theories of colour vision, 
and particularly to the trichromatic or three-response theory. The 
assumption is made that there, are three types of receptor in the 
retina, one type having a spectral sensitivity curve with its maxi¬ 
mum towards the red end of the spectrum, the second with its 
maximum in the green and the third in the blue. The colour 
quality of any light stimulus will then be determined by the extent 
to which it stimulates each of the three, processes. . 

Various attempts have been made to determine the sensitivity 
curves for the three processes postulated on this hypothesis, for 
example, by analysing subjective phenomena such as colour mix¬ 
ture data, adaptation, discrimination, colour matching in defective’ 
colour vision and so on. A recent set of curves derived by Ktt [4] 
on the basis of colour mixture and colour blindness data, and some 
adaptation measurements by Walters [5], is shown in Fig/ 5: 
these curves, or some other curves similar to them, are correct. 
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then we should expect to find photo-chemical substances in the 
cones with absorption curves corresponding to Fig. 6 . The absence 
of detailed and reliable evidence for such substances may be reason¬ 
ably attributed to the great practical difficulties of isolating them ; 
it would certainly appear from Granit’s experiments illustrated in 
Fig. 3 that the foundations of the theory are fundamentally sound. 



Fig. 5.—^Hypothetical spectral sensitivity curves of the red, green and blue pro¬ 
cesses of the three-response theory, as deduced by Pitt from coloiur mixture, 
colour blindness and adaptation data.; 

Returning to the eolour match illustrated in Pig, 4, the visual 
equation between G and the R, G, B mixture can be expressed 
algebraically by the equation 

0 =i= zi.R + «^-G + w;.B, 

where u, v and te? represent the amounts of R, G and B in the 
match when expressed in some convenient units energy units, 
luminosity units, etc.). A further experiniental fact of great 
importance is that these colour equations are additive. Thus, if 
we had two radiations Ox and O 2 whose colour matches were 
represented by the equations 

.. Cx = -f- 

C 2 ~ 'i^ 2*R + + t(?2,B, 

then if Oi and O 2 were mixed additively by some suitable optical 
device a rotating disc, an integrating sphere, etc.), it is found 
that the new eolour O 3 will be matched by an R, G, B mixture 
r^resented by the equation 

O 3 = {%x d: t^2).R + (^?l 4- t^2)‘Gr + 
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The importance of this additive principle lies in the fact that, if 
the colour equations for each of the radiations through the spectrum 
are known, the colour equation for any heterogeneous radiation can 
be calculated directly from a knowledge of its spectral composition. 

Colour Measurement on the Triohbomatio System 

It will be noticed that the equation for 0 given above is in 
terms of R, G and B. Now R, G and B are light stimuli and the 
relation is therefore a stimulus relation which in effect merely states 
that the stimuli represented by the two sides of the equation arouse 
identical colour sensations. Rrom the point , of view of visual 
theory, it would be of interest if R, 6 and B corresponded to the 
actual responses postulated by the three-response theory, and u, 
V and w the activities along those three response paths. From the 
technical point of view, however, the stimulus equation itself is a per¬ 
fectly satisfactory specification of the colour C, provided the stimuK 
R, G and B have been given an exact physical definition, e,g, by 
their wavelengths, if they happen to be monochromatic radiations. 

If a system of colour specification is to be of general use among 
different laboratories and in different countries, some agreement on 
the choice of the red, green and blue stimuli in the colour equation 
is necessary. This does, not mean that-the matching stimuli incor¬ 
porated in all types of trichromatic colorimeter should be identical, 
but it is necessary that the measurements recorded in terms of the 
matching stimuli R, G and B of a colorimeter should be expressible 
in terms of some standard reference stimuli, say X, Y and Z. 

Fortxmately, the additivity of colour equations and, as a corol¬ 
lary, the application of the ordinary arithmetical processes of 
addition, subtraction, multiplication and division to colorimetric 
quantities, implies that if the colour equations for R, G and B are 
Imown in terms of X, Y and Z, then the colour equation for 0 in 
terms of R, G and B can readily be converted into an equation 
in terms of X, Y and Z. The adoption of standard stimuli X, Y 
and Z thus in no way limits the choice of red, green and blue 
stimuli in a colorimeter. 

In 1931 the Commission Internationale de J’ficlairage estab¬ 
lished an international system of colour measurement on this 
principle and the method has been widely applied in science and 
industry [6, 7], Two stages were involved in the establishment 
of the system, (a) the colour-matching characteristics of an average 
observer had to be adopted to define the colour vision nf a hypo¬ 
thetical standard eye, and (6) the qualities and units erf the three 
reference stimuli X, Y and Z had to be defined/ 
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Stage (a) was accomplished by tabulating the amounts of the 
three monochromatic radiations 0-700/^, 0-5461/^ and 0-4368/^ re¬ 
quired by the standard observer to match the colours through the 
spectrum. The tabulated data were the mean of experimental 
measurements made at the National Physical Laboratory and at 
the Imperial College! Stage (b) consisted in defining X, Y and Z 
by their trichromatic equations in terms of the monochromatic 
railiations above, and in transforming the colour equations for the 
spectral colours so as to refer to X, Y and Z. 

The particular selection which was made for X, Y and Z was 
'not made on the basis of any theory of colour vision, but for prac¬ 
tical convenience in colorimetric and photometric calculations. In 
the equation given for the colour C earlier, namely 

0 == m.R -h t).Gr +. w.'B, 

«, V and w were assumed to be positive quantities corresponding 
to the intensities of E., G and B employed in the colorimeter.- 
Regarded merely as an algebraical equation, we might define a 
hypothetical colour by three coefficients u, v and w which might 
include negative quantities. Such a stimulus might not have any 
physical existence, but mathematically it -would not differ from any 
other physical stimulus. This could be compared to the definition 
of an alloy in terms of the admixture of three elementary metals. 
There is no difficulty in defining an alloy with a negative amount 
of one of the elements and in relating it algebraically to all-positive 
alloys, even though nO such combination could,be produced 
chemically. 

X, Y and Z are, in fact, all of this hypothetical character. They 
should properly be regarded as algebraical abstractions which are 
useful because they simplify colour calculations, but in so far'as 
a mental picture is of assirtance, they may be regarded as super¬ 
saturated red, green and blue radiations respectively. 

One convenient method of representing the amounts of X, Y 
and 'Z required to match the spectral colours is in the form of the 
equal-energy distribution curves in Fig. 6. The ordinates at any 
wavelength A give the distribution coefficients x^, and where 
these coefficients detoe the amounts of X, Y and Z which would 
have to be mixed to give a colour and brightness match of A for 
a constant esneigy of X toough the spectrum. The units of f; y 
and 2 are here ba^ on equality of X, Y and Z required to match 
an equai-ener^. white illuminant. 

If we sum all the »j[, and values through the spectrum, 
we shall obtain the total amounts of X, Y and Z requhed to match 
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the radiation represented by the curves in Fig. 6. Since this is the 
equal-energy stimulus and since the units of x, y and z are adjusted 
for equahty in the match bn this stimulus, we should expect and 
find the three sums, that is the areas under the three curves, to 
be equal. The distribution curves can further be used to derive 
the trichromatic specification for any heterogeneous radiation pro¬ 
vided the energy istribution is known. Thus, if some radiation S 
is defined by the energy which is radiated at each wavelength X 
through the spectrum, the amounts of X, Y and Z required to 



match S will be given by the tristimulus coefficients x', y* and z\ 
where . 

x' = 

y' ==: i:e;,.y^ 
z' = 2ej^.Zx 

This is equivalent to multiplying each of the distribution curves of 
Fig. 6 by the energy curve of the stimulus S, and integrating the 
areas under the new curves, x\ and / will then be giwen by 
the three areas and the tristimrdus equation for S will be of. the 
form ' ■ . '..V 

It is for many purposes convenient to.sep>^ate, the ublbur quality 
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of a stimulus from its photometric magnitude. The quality depends 
on the relative amounts of X, Y and Z required in a match, wMle 
the intensity depends on the absolute amounts. One way of 
defining the quality of a stimulus independently of its quantity, is 
to divide the tristimulus coefficients by their sum (x' + y' -[- z') to 
give the unit trichromatic equation 

S = a;.X + y.Y + z.Z, 

vrhere the trichromatic co-ordinates x, y and z are given by 

x’ +y' + z’’ 

y = y’ 

^ x' +y' 2 '’ 

_ z! 

^ a:' -f- y' -f 2*^’ 

and necessarily a; + ?/ + ^ = 1. 

The unit equation for S is now a function of two variables 
instead of three, since if any two are known, the third can be 
derived. It is therefore possible to represent the colour quality of 
any stimulus on a plane diagram such as the chromaticity diagram 



of Kg. 7, in ivhicH the horizontal axis represents the x co-ordinate, 
the vertical axis the ^ co-ordinate. 

This diagram is a stimulus diagram! which is, fundamentally 
a vrepre^ntatioh of cblbur inixti^^ The positions of the 
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spectral colours in the chart are shown by the spectrum locus; 
if the coefficients of any wavelength A on this locus are and y^, 
then it means that A wiU be matched by of X, y^^ of Y and 
(1 — — y^) of Z. The equal-energy white stimulus Sjj has the 

co-ordinates (0-333, 0-333) and any other colour C has the co¬ 
ordinates {x, y). It can be shown that in this diagram the result 
of Toixing two stimuli is equivalent to finding the centre of gravity 
of two weights, so that the result of mixing equal quantities of 
Cl and Ca is to produce’a new colour 0* which will be . represented 
by a point lying mid-way along the straight line joining Oi and Ca. 
An alternative way of expressing 0 would therefore be to draw 
a straight line from Sj. through C to intersect the spectrum locus 
at A. We could then define 0 by its admixture of Sj. and the 
monochromatic radiation A. 

The trichromatic system and the chromaticity chart thus pro¬ 
vide a unique and unambiguous method of specifying the colour 
quality of a stimulus. Any coloured sample can be measured and 
located in the chromaticity chart and valuable information in regard 
to its relation to other stimuli can be derived. The system may 
be used to record the changes in colour of a dyed material as a 
result of fading, for specifying the colours of signal glasses, for 
analysing the quality of reproduction in a system of colour photo¬ 
graphy and so on. The specification is not intended as a guide to 
the artistic design of a colour scheme, but once an artist has chosen 
the colours which he wishes to include in a scheme, the technician 
can then specify the chosen colours on the trichromatic system 
and subsequently check and control the production of the colours, 
so that the artist’s wishes can be executed as accurately as the 
manufacturing processes permit. 
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THE GEOCHEMISTRY OF URANIUM 

By S. I. TOMICEIEFF, D.So., F.G.S. 

Xeciumr in Ckoloffy at King*s College^ N’etacastle-on-Tyns 

1. Intboduotion 

Ubanium in the earth’s crust is usually found in association with 
radium and other radioactive elements. After the discovery of 
radium by Mme and M. Curie iu 1898, radium and uranium ore 
was first mined at Joachimsthal (Jachymov) in Czechoslovakia, 
but in 1912 radium-uranium bearing vanadiferous sandstone began 
to be mined in the States of Utah and Colorado. The discovery 
of still richer ores in Katanga (Belgian Congo), however, made the 
mining of the vanadiferous sandstone unprofitable and, from 1922 
onwards, Katanga became the chief producer of radium. In 1930 
radium ores were ,.discovered on the. eastern shore of the Great Bear 
Bake r in Arctic Caimda, During the first five years of mining 
(1933f-37.) 64 gmms of . radium were obtained from this region and 
thus Canada in its turn became. the chief pmvider of radium. 
Smaller amounts of radium ore axe .also nuned m Cornwall, Australia, 
Bortugal, Russia and other countries. 

'.,1 The most important radium-ruranium ores are ^sociated with 
mineral veins of hydrothermal origin' (Arctic Canada, Katanga, 
Joachimsthal, Cornwall), while vanadiferous sandstone (Utah and 
Colorado), vanadiferous limestone (Fergana, U.S.S.R.) and pegma¬ 
tites (Ontario, Karelia) are classed as less profitable deposits. The 
total amount of radium produced up to fi^te has not been pub¬ 
lish^. During the first thirty years of radium mining (1898--1928) 
approximately 500: grams of radium were actually produced and 
possible reserve estimiated atdpoO’grafiis. Taking.! gram Of radium 
mined as' equivaleht ^o 3 metrie tons bf uranium obtaihed as a 
by-prodttct of ibfihi.ng, the corresponding amounts of uranium 
would be 1600 and 3000 tons respectively, but the present estima'ted 
reserve (npt published) may be much higher. 

Aecordmg to the available evidence it.seems that the radio- 
aciaye elemmrts are concentrated- in the oiitemiost shell of the 
^xth,: At a . reasonable guess one may assume that this shell is 
‘ 096 
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100 km. thick and that it consists of three zones : granitic (acid 
igneous rocks), basaltic (basic igneous rocks) and peridotitio (ultra-. 
basic igneous rocks). The relatively thin mantle of sedimentary 
rocks and the ocean waters may be ignored. 

The latest estimates given for the ■ average content of uranium 
in the earth's crust are as follows : 

TABLE I 


Average Content of Uranium in the Earth’s Crust 
(in grams per metric ton (10® gm*)) 

(1 gm./m. ton ~ 10~® gm./gm.= 10~® per cent.) 



Authors. 


Holmes, 1937 [1]. 

Keevil, 1938 [2]. 

Evans & Goodmanj 
1941 [3J. . 

Acid igneous rocks . . 

6-0 

2*8. 

3 0 rt 0^3 . 

Basic igneous rocks 

1-8 

0-95 

0*96 ± 0*11 . 

Ultrabasie igneous rocks . . 

1*5 


— 

Sedimentary rocks .... 

— 

— 

1-2 ± 0*1 


Taking the lowest of these estimates one may assume that the 
average content of uranium in the outer shell of the earth is 1 gram 
per ton. The volume of a shell of 100 km. in thickness is about 
4*0 per cent, of the total volume of the earth and its weight 
about 2*6 per cent, of its total weight. So even if a small amount 
of uranium is present in the interior of the earth, the total amount 
of uranium in the earth must be estimated in a fraction of 1 per 
cent. It must be remembered, however, that the estimated amounts 
of certain well-known elements in the earth’s crust are even smaller. 
Expressed in grams per ton these amounts are as follows : boron 3, 
antimony 1, mercury 0*6; iodine 0-3, silver 0-1, platinum 0-005, 
gold 0-005. 

Of all the igneous rocks granite contains most uranium, but 
even so this concentration is very small as compared with the 
concentration of uranium in the late magmatic products of granitic 
magma, such as in certain types of pegmatites and mineral veins. 
This concentration is probably due to the fact that uranium does 
not form stable compounds with the prevalent rock-forming elements 
such as silicon and aluminium, and under magmatic conditions oidy 
combines with the rare earths, thorium, niobium, tantalum and 
other similar, elements, which usually form part of the fluid or 
volatile fraction of the magma, are thus easily ooncentra^ted in the 
upper region of the magmatic reservoir and are subsequently 
intruded in the form of pegmatite dykes and hydrothermal veins. 

The geochemical cycle of uranium has been little studiod and 
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it oa^ be only tentatively followed up from the initial magmatic 
stage through all the stages of endogenetic and exogeiietic pro¬ 
cesses taking place in the lithosphere, hy^osphere and biosphere. 
The migration of uranium, when arrested at a certain stage, leads 
to its concentration; when accelerated, to its dispersion. The 
genetic history of uranium can be suggested by a careful study of 
the paragenesis of minerals and association of elements. 

2. The AssociiTiOH oE Chemical Elements 

There are about 100 minerals in which uranium is present in 
large enough quantities for us to assume that it forms an integral 
part of the molecule. These uranium-bearing minerals reveal one 
striking feature, namely, that they all contain oxygen and thus 
that uranium is never present among native elements, sulphides, 
arsenides, tellurides, etc. According te- their genetic association 
the uranium-bearing minerals can be divided into three main 
groups: 

I. Orthomagmatic and pegmatitic : Phosphates, Titanites, 
i Niobates, Tantalates, Tantalomiobates, Titand-niobates, 

Zirconates, Oxides. 

II. Hydrothermal and supergenic : Oxides, Hydroxides, Hydro- 
silicates, Hydro-arsenates, Hydro-phosphates, Hydro- 
' carbonates. - : - 

III. Biogenic: ■ Hydro-vanadates; - / ^ 

On the whole, this classification falls in with the genetic order 
ranging from high^^temperature anhydrous minerals to low-tempera- 
ture hydrous minerals, but the two schemes cannot be exactly 
mafehcd, amply' because every magmatic or epimagmatic process 
passes through a wide range of temperature changes, and thus, for 
example, supergene minerals may be found in pegmatite dykes as 
well as in hydrothermal, veins. In spite of this difficulty all these 
minerals can be grouped into two assemblages : high temperature 
and low temperature. 

-. • i The lngh^temi^ratm^ is characterised by the follow- 

elemsats : ■ thorium, lead, rare earths, tantalum, niobium, 
titanton, and to a smaller extent by silibtai, phosphorus and car¬ 
bon; The most m belonging to this assemblage 

are hm-^ eiem^ts which occupy the lower part of the periodic 
fable t Nearly all the minerals are dark in colour, heavy 

in weight, hard and rdatively 'stable. They occur in pegmatite 
dykes and as aocessory inineralB in granites. 

The: most M mineral of; this assemblage is uianinite. 

A considerable amount of uranium, however, is found in niobates, 
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tantalates, titanates, tantalo-niobates and titano-niobates in the 
form of minerals such as euxeilite, polycrase, columbite, ellsworthite, 
samarskite, hatchettolite, betafite, mendeleevite, etc. To a minor 
degree uranium is also associated with thorites, silicates and phos¬ 
phates, such as thorite, thorianite, zircon, naegite, monazite and 
xenotime. It is usually assumed that these minerals are made of 
salts composed of cations such as U, Th, TR (Terrse Rarse—rare 
earths), Zr, etc., and simple or complex anions of the type [P 04 ]^'”, 
[Ti 04 ]^'“, [NbO^P"', {TaOg]^"", [Si 04 ]^~ and others, forming com¬ 
pounds of the followhag types TR^'^[P 04 ]^"" xenotime, Th^“*'[Si 04 ]^“ 
thorite, TR|“'[Ti 04 ] 3 '',TR^“[Nb 03 ] 3 ““ euxenite, ; 



Em. l.^AsBoeiation of chemical elements with urahiuhi. 

Si^id anions; dashed lines^*^oxioihimt cationsSQt<ares~-liigh<te]nperatur& assei^lkl^ 

circles —low-temperature assemblage. 

The low-temperature , aesemblage is characterised by the follow¬ 
ing elements : arsenic, vanadium, sulphur, siliobn, phosphorus, 
carbon and the hydroxyl group. These elements are relatively 
light in wei^t and occupy the upper part of the periddle table 
(Fig. 1). The majority of minemls are light in colour (varyiiag 
from yellow to green), light in weight and rather unsfebl© under 
atmospheric conditions.; Ktohblende is the characteristic mineral 
of this assemblage. The rexhaining minerals are extremely var#^ 
in composition and are represented by the folloUinf ^up$!i' ■ 
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Para-Tiranates [e.g, curite, 2PbO.5UOa.4H2O); 

Hydroxides (c.gr. beckerelite, 4UO3.7H2O); 

Hydro-silicates (e.g^. sklodowskite, MgO.2UO3.2SiOa.7H2O); 

Hydro-carbonates (e.gr. sharpite, 6UO3.5OO2.8H2O) ; 

Hydro-sulphates {e.g, zippeite, 2 UO 3 .SO 8 . 5 HaO); 

Hydro-phosphates (e.gr. torbernite, CuO.2UO3.P2O5.8H2O); 

Hydrorarsenates (e.gf. uranospinite, CaO. 2 UO 3 .AsaO 5 . 8 HaO) ; 

. : and' 

Hydro-vanadates {e,g> oarnotite, K 2 O. 2 UO 3 .VaO 6 . 3 H 2 O). 

Prom the economic standpoint the most important minerals are 
uraninite and pitchblende. ’ Both of them are composed of oxides 
of uranium (UO 2 and UO 3 ) and of a smaller amount of oxide of 
lead (PbO). Uraninite occurs as well-formed octahedra and it con¬ 
tains a certain amount of ThOa and oxides of the rare eai’ths. 
Pitchblende occurs in the form of colloform incrustations. 

According to Goldschmidt & Thomassen [4], UO 2 (uranous oxide) 
is isomorphous with ThOe and Ce 02 most probably because of the 
closeness of the ionic radii of these metals : U, 0*97 A ; Th, 1-02 A ; 
Ce, 1*01 A. Uranous oxide crystallises in a lattice of fluorite type 
and each uranium ion is co-ordinated to eight oxygen ions. In this 
case the ratio of radii of U and 0 ions is equal to 0*79, a figure 
which represents a close approach to the theoretical ratio of 0*73 
for a closely packed lattice of fluorite type. Theoretically such a 
lattice should be relatively stable, but this, however, is not the case. 
Both uraninite €bnd pitchblende under X-rays show a highly dis¬ 
rupted lattice composed of fragments of the original lattice. Such 
a phenomenon, also shown by zircon ciystals, has been called by 
W. 0. l^ogger a metamict ” state. According to the latest study 
the metfimict state of 2 drcons is attributed to the disruptive activity 
of uranium.: In the case of uranium oxide such a hypothesis is 
even more applicable and has been proposed by H. V. Ellsworth [ 5 ], 
The mechanism of this transformation, called .^^autoxidation ’’ by 
Ellsworth, is based on the assumption that the radioactive trans¬ 
formation of uranium into its final product, lead, releases one 
oxygen atom which^ in its turn, oxidises uranous oxide. (UO 2 ) into 
uranic oxide (UOi), i.e, 2 UO 2 = PbO + UO 3 . If, however, autoxi- 
dation were the sole cause Of the oxidation of uramum, then the 
anaountLof PbO in the mineral should be proportional to the ajnount 
„Df UOs^. The aetuatplpttmg of PbO against the relative proportion 
of UO 2 ^dlUOs {pkiB the equivalent ainount of Th 02 ) for 52 analyses 

quite clearly that the relation is not so 
simple, the:d0ts not being arranged along a definite line or belt but 
yddely; scattered. Considering that the ,m analysed j are of 
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various ages and of varying degrees of freshness, such a scattering 
of dots is not surprising. Averaging the analyses into three groups 
according to the amount of PbO we get the following figures : 

‘ ■ I 

BbO. UOsBatio. 

0-00- 4-99 . 29-70 

6-00- 9-99 . , . . ... 45-60 

10-00-14-99 ....... 50*90 

In the diagram (Fig. 2) these average values are shown by means 
of crosses. A curve drawn through these averages shows the pro- 



20 40 60 80 

UO^X 10O/UO3+UO^+0*36Th02 


Fio. 2.—Diagram sho'Mng the relation between PbO and the relative amounts 
of Upa and TJP^ in uraninite (52 analyses). . ; 

The line drawn from the left bottom corner corresponds to thn equiiii>riuin condition expressewl by 
tho equation 200,—>^PbO ^ UO,. The crones connected by a das^ Jlnet indicate the average 
composition for given intervals of PbO. ■ ; . 

gressive increase of UO3 with the increase of phO^ and this curve 
is approximately parallel to the theoreti,pal line > corresponding to 
the equilibjium expressed hy the equation : 2 UOs == PbO + UO3. 
rhis suggests that autoxidation may be a real factor in the trans¬ 
formation of uranous into uranic oxide. The distribution of the 
dots in the diagram does riot suggest the iexistenbe of ari^ definite 
proportion between the bxidies and therefore there is no grotmd ior 
asstinling the 'hypotfeetibal dxldO IXaOs riO being preseritj ae fe^ 
qriently reported iri analyses of uxaiunite.' 'The ariaiyseb aJsO show 
that i neither' pure UOa noh pure UOa do- exist ia iiatUre' arid that 
on the whole uraninite is extremely variable in comjpo^ori ted 
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can only be represeixted by a mixture of the two oxides in an 
indefinite proportion. 

The principal ions entering into the composition of nraninite are 
jfobably as follows: uranous cation uranyl cation [U 02 ]^^ 
and uranate anion Uraninite is probably characterised 

by a dynamic equilibrium between uranous and uranyl cations, 
representing the end members of the transformation of into 
Such a transformation from a state of low to a state of high 
valency is bound to decrease the size of the ionic radius of uranium 
and such a decrease will obviously affect the stability of the lattice. 
Assuming that in the uranous oxide each uranium ion is surrounded 
by eight oxygen ions and on transformation into uranic oxide the 
co-ordination number changes to four (tetrahedral grouping), the 
theoretical ratio of ionic radii for the tetrahedral grouping is 0*225 
and, taking the radius of oxygen (0^“) to be 1*32 A, one would 
expect that the ionic radius of the hexavalent uranium atom to be 
of the order of 0*30 A. Such a transformation of the crystalline 
lattice of uranium oxide in a solid state would entail the complete 
breakdown of the crystalline structure and thus would explain its 
structural anisotropy or the, so-called, metamict state. 

This hypothesis may also be capable of explaining the associa¬ 
tion of chemical elements in the two assemblages. The minerals 
belonging to the high-temperature assemblage are characterised by 
a relatively high proportion of uranous oxide, which one may 
assume to be of a primary origin, while the uranic oxide is a later 
oxidation product. On the other hand, aU the minerals belonging 
to the low-temperature assemblage contain only uranic oxide. One 
may assume that the formation of the latter minerals was governed 
by ease.of ispmorphous. replacement,^^ 0 ^ the component ions, 

which in its turn was determined by the relative sizes of the ionic 
radn. The . Ibbic radii of the prevalent elements of tlxo two 
assemblages are as follows: 

BQgli-tem^erature a;^semblage : 0*97, Th^"^ 1*02, Nb^“^ 0*69, 

' ^ 0*30 (7), X)‘59^ 0*41, 

. Tto ^hoi«5^ th^ the element^ of the; high-temperatur assemblage 
have comparatiyely ihe elements the low-temperature 

^spmhlagei haye small iopicr - way 

one may trao^^ on 

e^^cia 4 i 0 n on the paragpnesis of^^ m 
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3; The Pabagenesis dF Minerals and the Genetic History 
OF Uranixtm Deposits 

Under high temperature conditions uranium apparently has 
little or no affinity towards silicon and aluminium and thus does 
not enter into the composition of the principal rock-forming minerals 
such as feldspars, pyroxenes or olivines. In granitic rocks uranium 
is concentrated only in certain accessory minerals such as zircon, 
monazite, allanite, cplumbite, gadolinite, polycrase, etc. These 
minerals are also abundant in certain types of pegmatites. Accord¬ 
ing to Fersman [6] the granitic pegmatites can be subdivided into 
ten principal types, each type being defined by the range of tem¬ 
perature during which the main fraction of its typomorphic minerals 
crystallised out. These pegmatite types are shown in Fig. 3, which 
gives also a diagrammatic representation of the geochemical stages 
of uranium. The uranium minerals are confined chiefly to the 
rare-earths type of pegmatite, a type characterised by the presence 
of niobates, tantalates, tantalo-niobates, oxides, etc. In all these 
minerals uranium is invariably associated with thorium and the 
rare earths. The exact paragenetic relations of these minerals are un¬ 
known, but there are indications that the crystallisation proceeded 
in the order of an increasing uranium content and that the uranium- 
bearing niobates, tantalates and other similar minerals we^e the 
first'to crystallise out. These were probably foUowed by the 
uranium-rich minerals which crystallised out in the following order : 

thorite —> uranothorite thorianite —> uranothorianite 
uraninite pitchblende—> supergene uranium minerals. 

The high-temperature assemblage also contains a rather rare but 
highly significant group of minerals, namely, the carbon compounds. 
Already in 1874 A; Holland described numerous occurrences of a 
strange pitch-like material resembling anthracite or hard asphalt 
in the pegmatite; dykes of Sweden and Norway. In the famous 
pegmatite dyke' of Ytterby near Stockholm this substance was 
found enclosed in gadolinite and elsewhere it was found replacing 
uraninite. In Canada a similar carbonaceous substance, occurring 
in pegmatite dykes, was discovered in 1894 by J. Obolsky and since 
described in detail by Hv Y, Ellsworth [5]. Because on analysis it 
was found to be composed mainly of Th, U, C, H and G, Ellsworth 
gave it the name of thuphcffite. Similar material was also in 
the pegmatite dykes of Karelia and named carburan? whil^ a variety 
containing cerium discovered m the Kola peninsula in the 
was. named carbocer. , This slmws: that these jcarhodacepM 
stances are of a widespread oppurrenee and are Oldy lin a 
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particular t 3 rpe of pegmatite, namely, in the rare earths pegmatite 
containing uranium minerals. Thueholite is invariably associated 
with uraninite, which it frequently replaces even when the last- 
named mineral is completely enclosed in feldspar or quartz. Accord¬ 
ing to Ellsworth “ the thueholite occurs in exactly the same way as 
the uraninite, embedded in feldspar, quartz, or mica, or in a mix¬ 
ture of all three, and is certainly just as much a primary mineral 
as are any of those just mentioned” [5, p. 175]. Further, Ells¬ 
worth writes as follows : “ The occurrence of carbon as a magmatic 
mineral is established, and it looks as if there has been absorbed 
in thuchohte a sample preserved through some 1000 million years, 
of the final gases of a Precambrian granite magma, with the excep¬ 
tion of heUum which is not appreciably retained by carbon. It 
becomes evident also that uraninite is formed under strongly re¬ 
ducing conditions in the presence of carbon, carbon monoxide, and 
hydrogen and, therefore, its essentially UO 2 initial composition is 
almost, a certainty. The foundation for the autoxidation process 
m uraninite, as suggested by the writer, thus becomes secure. 
Further, one. may speculate as to whether the noteworthy differ¬ 
ences between uraninite, which occurs in crystals, and the always 
amorphous pitchblende, may not be dp© to difference in the reducing 
effect, of the magmatic vapours or solutions at the same time they 
were formed. TJnder highly,reducing oonditions such as prevailed 
when thuchohte was, formed, m^'nium would appear as the lowest 
oxide (UOa) which has a strong tendency to crystallise, so much so 
that artificial crystals can be easily prepared. Isomorphous oxides 
as Th<5s (which is defihitely'known to be isomorphous with UO2) 
And rarerearth Oxides (about which less is known at present) Would 
be Hrely, if present, to-crystallise with the TJO 2 as uraninite. On 
the other 'hand, tinder less Completely reducing Conditions and 
probably at lower temperatures, representing a later stage of the 
magmatic Vapours, uranium would probably precipitate as UsOg 
with whidj. ThOi and rare earths are not isomorphous, and which 
has little if any tendency to crystallise; Thus there is a rather 
plaudsble eSplariaticm for the remarkable fact that uraninite always 
oontalus thorium and rare' earth besides relatively large amounts 
of tJOi, bften greatly exceeding the ratio of UO2 in UjOs, and 
always bfygtaliteed, whereas pitchblende contains only traces, if any, 
of thcaium' and rare earths and has a UO 2 contest not greater in 
amount than'is J^uifed for TJsOg and is never crystallised.' The 
f^ct that. carbOn oOcurs in various foraas in nibkel-iron meteorites, 
0 diamond in the blue-ground pipesj etc.s is sufficient evidence that 
It can be a primary cOnStffuentof deep-seated'rooks ” [6, pp. 183-^]. 
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Besides being present in thucholite and other carbonaceous sub¬ 
stances, naagmatio carbon is also present in certain varieties of 
phosphates. Magmatic apatite, containing Y 2 O 3 was described as 
long ago as 1898, but recently cerium-silicate apatites, yttrium- 
sihcate apatites and carbonate apatites have been described, and 
a suggestion has been made that there exists a continuous series 
of carbonate apatites ranging fromCa 3 p 208 to CaOOs. In addition 
to carbonate apatites some pegmatites contain ancylite (cerium- 
strontium carbonate) and parisite (calcium-cerium carbonate) and 
many pegmatites also contain calcite. The origin of this calcite is 
still disputed, as there exists a probability that some of it at least 
may have been derived from a magma contaminated with calcareous 
sediments, but on the other hand some calcite may be of truly 
magmatic origin., 

Magmatic volatiles, as proved by the anatysis of gases evolved 
from active volcanoes, are composed of numerous carbon compounds, 
including CO 2 , 00 and OH 4 . The gases obtained from ordinary 
igneous rocks, such as granite, are comparable in composition to 
volcanic gase^< According to De Cori [7] monazite sand,, on heat¬ 
ing to 1100 ^ 0 .,: ovolved a gas of the following composition: 
CO 2 24*3,; Cd: 9*1, H 2 30*3, He 34-5, hydrocarbons 1-7 per cent. 
The presence of hydrocarbons in monazite is rather significant, as 
this mineral is frequently found in high-temperature pegmatites. 
In any case the fact .that uraninite is often found in association 
with thucholite, carbonate apatite and calcite suggests that there 
is a definite association between uranium and carbon, an associa¬ 
tion, as we shall see later, also found among other concentrations 
of uranium. 

Another interesting association in pegmatites is between uraninite 
and smoky quartz. A numbfr of workers, including Doeltar, have 
shown that on heating, smoky quartz loses its colour, which is 
restored on its exposure to ra^oactive emanations, and this suggests 
that the colour of the smoky quartz may be entirely due tp radio¬ 
active emanations. 

A generaKsed and simplified scheme of paragenesis of uranium 
minerals in pegmatites (Fig. 3) shows that these minerals are best 
developed in the rare-e^rths type of pegmatite and are also present 
in smaller quantities in the tourmaline-muscovite and lithitun-tin 
types. The uraniumvbearing pegmatites of Canada, Norway] Swedeh 
and Karelia belong to the t4re-earths type, those of India and Of 
.Villeneuve in Canada to the tourmalme-tnusco^te type, and those 
of Woogina,' Australia, to the lithium-tin typ&J 

Although there are some cases when a pegmatite is Seen 
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into a hydrothermal van; the majority of hydrothermal veins have 
no vfeible connection with pegmatite dykes. In the hydrothermal 
veins uranium oxide is nearly always present in the form of pitch¬ 
blende and it is associated with minerals belonging to various 
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Bio. 3.—Geochemical diagram showing the portion of uranium in the thermal 
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oojqper, afcoc, l0dj cobalt and nickel su^hides. A host :of hydrous 
majumn milwals are It ,is rather remarlmble that 

maniffipi- ffi. absent in the-higfctemperature type of hydrothermal 
yeipg Ci^ttaining nac^bd^KHn*^ and tungsten, especially because 
nfspiinn is abandant in the eoirespqttdmg p^matite phases From 
all the recorded ^ta; in'numerotis-localities: sneh^asr •Ia^3rmov 
ji^^)a(dmn^tha|)v Katanga and %nat; ^ar, W it 
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seems that the appearance of .pitchblende is connected with the 
appearance of carbonates in the gangue. In all these localities 
pitchblende is found in a gangue composed of a mixture of quartz 
and carbonates and it is absent in the lower horizons of the veins 
which are composed entirely of quartz. 

The mineral association in mineral veins (pitchblende, sulphides 
of Cu, Co, Ni, Pb, Zn, Ag, native silver, etc.) is totally diiferent 
from the mineral association of pegmatite dykes. Not only the 
actual minerals are different, but also uranium does not enter into 
the composition of the associated sulphides in contract to the 
uranium-bearing niobates and tantalates in the pegmatites. The 
association of sulphur with uranium is only known, in the case of 
hydrous uranium sulphates. 

The secondary uranium minerals, such as gummite, torbernite, 
etc., are very numerous in hydrothermal veins, and many of them 
are formed at the expense of pitchblende. These minerals belong 
to the epithermal and supergenic phases of the hydrothermal 
process. 

Thus magmatic concentrations of uranium are present in two 
types of rocks: pegmatites and hydrothermal veins. The third 
concentration of uranium is found among sedimentary rocks and, 
according to all available evidence, is due to biochemical agencies. 
As compared with the earth’s crust as a whole, the sea water shows a 
greatly reduced concentration of uranium, namely, 0002 gm./ton [3]. 
This low concentration, however, is balanced by the increased cqn^ 
centration of uranium in marine organisms and marine sediments. 
The concentration of uranium in deep sea oozes is apparently very 
high and terrigenous sediments are also comparatively rich in 
uranium. JRecent figures as given by Unkovskaya,[0] show that 
petroleum oh the average contains 100 gm./tpn and oil waters 
10 gm./ton of uranium. Some of the solid bitumens are* excep¬ 
tionally rich in vanadium and sulphur [10] and this suggests that 
they may also be rich in uranium, because uranium is very often 
associated with vanadium in biochemical deposits. The best-known 
uranium deposits of sedimentary origin are found associated with 
vanadium in a sandstqne of Jurassic age in the states of Utah and 
Colorado.^ In his early studies of these deposits, Hillebrand sug¬ 
gested that the concentration of uranium and vanadium is genetic- 
aUy . connected; with bitumens, and l#©^: described oarnotifce 

associated udth asphalt in veins trffcversing limestone in Gblo^p. 
In spite of this; evidence Hess and other writers on this subjcf^ 
have tried to explain the origin of oaxnotite ,as being^:d^ 
culating solutions depositing carnotite among the vfgor 
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table matter, which is rather abundant in the sandstone of this 
region. There is no doubt that the vegetable remains acted as 
collectors of camotite, but it is highly probable that uranium and 
vanadium salts were originally present in. petroleum and oil waters. 
The abundance of asphaltic material in the carnotite-bearing sand¬ 
stone IS testified by Doerner, who writes as follows : “ Because of 
the large amount of organic material present, these ores are among 
the most difficult to treat by either mechanical or chemical methods. 
Much of the organic substance resembles a tough asphalt and is so 
closely associated with the valuable minerals that both mechanical 
and chemical disintegration are obstructed ” [11, p. 187]. It is 
well known that petroleum, asphalt and pyrobitumen are very 
abundant in this region and in all probability the vanadiferous 
sandstone represents a former petroleum reservoir bed which in 
course of time formed a condensation trap for bitumen enriched 
in vanadium and uranium. 

A different tj^e of sedimentary segregation of vanadium and 
tiranium is found in Tyuya-Muyun in Fergana. According to 
Chirvinsky [12] and Fersman [13] the uranium-vanadium ore is 
found in a calcite gangue infiUiag karst pipes and cavities in 
limestone. The principal mineral of this deposit is tyuyamunite 
(Ca 0 . 2 'U 03 .V 205 . 4 HsO), a mineral allied to carnotite. Aecording 
to Fersman this deposit was formed through leadhing of uranium 
ahdwahadium salts from the neighbouring bituminous shales. The 
figures given by Fersman show that the bituminous shales of 
the region on an average contain 400 gm./toil of uranium and 
850 gni./tdn of vanadium, whiie'in the ore body the ccxrresponding 
vsihes are 600 gm./ton of uranium and 3000 gm./ton of vanadium. 
This shows that the amount of uranium in the shale is exceptionally 
high. Such a result is not at ah surprising, for in their study of 
radioactivity of sediments associated With petroleum. Beers & Good¬ 
man [14] have shown that the radioactivity of the bladk shales is 
more than ten times higher than the radioactivity of ordinary 
sedimentary rocks and that the cdntent of uranium in these rocks 
isj roughly proportional to the percentage of carbon which they 
contain-. It has'also been Shown by Russell [16] that of all sedi- 
menta^ roeks marine bituminous shales have the highest radio¬ 
activity, white, on the other hand, Coal has'very little'radioactivity. 
The low radium content of coal had already been noted by F. W. 
Smith -[16].' The •a'verage' of hve analyses of' doal'gi'ven by this 
attihor is 0-38 x 10~^® gm^ of radium |>er '^am of Coal, = while 

- aecOTding-'to- Evans‘ & Goodman [3] the avekage content of radium 

- m ^ rodks is 0-67 'X i This suggesfe that 
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radioactive elements are more concentrated in the marine than in 
the terrestrial deposits of organic origin. 

4. The Gboohemical Cycle of Urakiitm 

The data relating to the distribution of uranium in rocks and 
geospheres is scanty and approximate. From the figures given for 
the average content bf uranium in the acid, basic and ultrabasic 
igneous rocks it is evident that uranium, like radium, is concen¬ 
trated in the outermost granitic geosphere and that this concentra¬ 
tion, as compared' vdth the average content of uranium in the earth 
as a whole, is of a conaparatively higli number, but even so this 
concentration is very small in comparison with the concentrations 
of uranium in pegmatites, hydrothermal veins and in certain types 
of sedimentary deposits. 



The geochemical cycle of uranium embraces only the upper part 
of the lithosphere, the hydrosphere and the biosphere. A complete 
geochemical cycle of any element consists of three principal stages ; 
(1). magmatic, (2) sedimentary, and (3) metamorphio (Fig. 4). 
Assuming that magma is formed through a complete or partial 
remelt of the crustal rocks, one can visualise the geocheraioal cycle 
as a continuous differential movement of matter—ascendhag during 
the magmatic stage, and descending during the metamorphio stage* 
This, movement of matter is accompanied by a complex: differentia- 
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tion, in virtue of which elements are concentrated or dispersed. 
In the case of uranium a certain amotmt of information is available 
for a rough reconstruction of the magmatic and sedimentary stages, 
but hardly any for the metamorphic stage. 

During the epimagmatic phase of the magmatic stage occurred 
two concentrations of uranium—in the pegmatite dykes and in the 
hydrothermal veins. No estimate of the uranium concentration in 
pegmatite dykes has ever been made, but a computation from the 
analyses of vein material of J4chymov [17] gives an approximate 
figure of 170 gm./ton of uranium for the whole body of the vein. 
Considering the high economic value of these veins, at &st glance 
this; figure seems to be extremely low, but it is important to realise 
that the uranium; minerals occur in bands or nests which are easily 
discernible because of their dark colour and are thus easily picked 
by hand. 

The concentration of uranium in pegmatite dykes and hydro- 
thermal veins is probably determined by the nature of the elements 
which are likely to form stable compounds with uranium, the rela¬ 
tive amounts of these elements and the temperature-pressure factors. 
These two concentrations embrace two quite different assemblages 
of elements and they are also separated jfrom each other by a con¬ 
siderable temperature interval (Mgs, 3 and 5). This interval of 
approximately 200° C. must be due to different physico-chemical 
conditions prevailing in the respective mother solutions. It is 
also significant that the uranium minerals in the pegmatites are 
associated with thucholite, while in the hydrothermal veins they 
are associated with the carbonates and that in the sedimentary 
deposits uranium is associated with bituminous substances. 

The,sedimentary stage of the geochemical cycle of uranium 
began with the removal of uranium compounds from the crustal 
rocks through the process of weathering and their dispersion in 
the waters of the oceans. This was followed by the concentration 
of uramum by marine organisms. The highest concentration of 
uranium is found in the deep sea oozes, especially those of organic 
origin and in the terrigehous dfeppsits urainum is also associated 
with organic matter^ as it is shown by the bituminous shales and 
the asphairiferous sandstones.* and oil waters are also 

relatively itoriched in u^niui^^^ all availabie evidence sug- 

that ufatnuHi, togeiher is concentrated by 

IVing matter m The reason for such a concentra¬ 

tion is u nkno wn^ bnt it may be that uranium and vanadium, like 
rrfhny tr^ee eleihents,’^ have a defim 'physioldgical jEunction^ 
M elements^ integral' Odmponents of organio. 
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molecules, especially 
those forming the re¬ 
spiratory or photo¬ 
synthetic pigments. 

This brief account 
of the geochemistry 
of uranium, based on 
a rather scanty and 
imperfect data, sug¬ 
gests a possibility of 
a wider field of re¬ 
search carried out by 
a combined team of 
petrologists, minera- 
lo gists and bio¬ 
chemists. , The dis¬ 
tribution of uranium 
in rocks atid minerals, 
the paragenesis of 
uranium minerals, the 
concentration of uran¬ 
ium by plants and 
animals, the function 
of uranium in living 
organisms, all these 
problems are awaiting 
solution and detailed 
investigation.. The 
pioneering attempts 
by Vernadsky [18] 
and by Fersman [19] 
of providing a syn¬ 
optic view of the geo¬ 
chemistry of uranium 
must be followed up 
by a planned research 
aimed at filling gaps 
in our knowledge 
as well as con¬ 
structing an all-em¬ 
bracing scheme of the 
geochemical cycle of 
uranium. 



800*^ • _ 600*^ 4ptf 200^ O _ ' _ 

S.—^Part of the geochenucal cycle of uranium showing the paragenetic succession and the association of elements. 
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Glossary 

Collqform. Minerals of colloidal origin often appoaring.as crusts, globules, etc. 
Epimagmatic, Minerals or rocks of late magmatic or postmagmatic origin. 
Epithermal, Low temperature hydrothermal deposits. 

Hydrothermal, Mineral deposits formed from hydrous solutions. 

Karst, Solution effects on limestone loading to the formation of caverns, 
pipes, etc. 

Supergenic, ‘Processes occurring near or on the surface of the earth. 
Typomorphic, Minerals characteristic of a given zone, phase, or rock, 

KEFERENCES 

1. Holmes, A., Economic Geology,: 32, 777. 

2. Keevil, N. B., Economic Geology, 1938, 33, 686. 

3. Evans, R. D., & Goodman, C., Bull. Geol, Soc, America, 1941, 62, 459. 

4. Goldschmidt, V. M., & Thomassen, L., Vid, Selsk. Skr,, 1923, I, No. 2. 

5. Ellsworth, H. V., Geol. Surv, Ca/nada, Econ, Geol. Ser,, No, 11, 1932, 

6. Febsman, A, E., Pegmatites. Vol. I, Granite pegmatites, Leningrad, 1931 

(in Russian). 

7. De CoBi,. P., Atti IV Oongr. Naz, Chim, Pura cC? AppL, 1933, p. 714. 

8. Herneger, F., & Kablik, B., Qotehorgs Kungl. Vet. Vitt, Samh. Handl., 

1935, Ser. B, 4, No. 12. 

9. Uneovskaya, P., G.B. Acad. Sci. UBSS, 1940, 29, 380. 

Iff. Vinogradov, A, P., Vernadsky Jubilee Volume, Acdd, Sci. XJB88, 1936, 
p. 146, 

11. Boebner, H. a,, Jnd. and Eng. Ghem., 1930, 22, 186. 

12. Ch^vinsky, P, .N., Minerdi. Mag., 1925, 20, 284. T , : 

13. Febsman,! A. .E., The morj^ology and geochemistry of Tyuya-Muyun. 

Publ. Acad. Sci. US8B, 1927 (in Russian). 

14. Beers, R. F., & Rodman, C., Bull. Geol. Soc. America, 1944, 66, 1220. 

16. Btjssell, W. Jj.y-Bull. Am^. Assoc. Petr. Geol., 1946/ 29, 1470. 

16. Brakely,; T. J. (and Smith, F* W.), Trans. Ghem. Soc., London, 1922, 

121 , 221 . 

17. Kirsch, G., in Boelter’s & Leitmeir’s Handbuch der Mineralchepiie, 1929, 
: IV, Part 2 ; 928. 

18. Vernadsey, W., La Geochimie, Paris, 1924. 

19. Febsman, A. :E., Geochemistry, Moscow, 1934-39 (in Russian). 




GAPS IN THE SCIENTIFIC EVIDENCE 
FOR TFIE PROSECUTION 

By KEITH SIMPSON, M.D. Lond. (Path.) 

Lecturer in Forensic Medicine to Chiy*s Bospital 

It must not be assumed lightly that scientific evidence brought for 
the Crown is designed to fit the needs of a prosecution intent on 
conviction. Nothing is, or should be, further from the truth. It 
is in the prosecution of truth and justice, rather than a criminal, 
that the Crown offers evidence, and scientific evidence should be 
as impartial as scientific observation. The Court should hear what 
is plainly the pursuit of truth, the cold objective proof of facts and 
the drawing of proper conclusions from them. English law shows 
a traditional fairness to the accused that may at times exasperate, 
but is nevertheless, On reflection, plainly just and impartial. 

The chain of scientific evidence has, with advances in the scope 
and technique of laboratory investigation, become a tie that the 
defence find increasing difliculty in questioning before the lay jury, 
for less and less is being left to mere opinion. Science is. providing 
more and more cold scientific proof of association between the 
criminal and the scene of a crime, with a dead victim, a rifled safe, 
stolen property, forged documents, counterfeit money and the like. 
The apphoation of the pure sciences to forensic problems involves 
the skilled assistance of so many experts that no scientist is out¬ 
side its sc6pe. Physicist, chemist, biologist, pathologist, bacteriolo¬ 
gist, analyst, metallurgist, photographer, engraver and the Hke are 
all within the reach of the police in their investigation of crime, and 
it might be expected that such resources would provide scientific 
assistance which could hardly fail. This is not yet so, for serious 
gaps stiU exist and it is well that they should receive attentibid. 

The subject is toO wide to discuss from all aspects. Each 
expert recognises both weaknesses and real gaps in his own* chain 
of evidence, and it would be presumptuous for me to discuss diffi¬ 
culties in specialities outside niy owut" experienced I ptoj^se to 
outline some of the gaps in the evidence for the prosecutioh 6k 
charges of murder by violence. Many of thehi are likely to be 
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filled by advances in fields outside medicine which were not designed 
to such an end, for it is the habit of scientific advance to grow 
and become complete by accretion from all sides ; therein lies the 
advantage of pooled scientific knowledge. 

The principal questions to be decided by the pathologist assist¬ 
ing the police in the investigation of a murder are (a) the identity 
of the victim, (b) the time of death, and (c) the cause of death. 
Except when poisoning is responsible, the last is rarely a matter 
of any difficulty, for painstaking care in examination of the injuries 
and simple deduction are usually sufficient to enable a reconstruc¬ 
tion of the course of events to be made with accuracy. Let us 
examine some of the gaps in the answering of the two apparently 
simple questions—^Who is the victim ? When did death take 
place ? 

1. Identity op the Victim 

When clothing or papers are found on the body identity is 
seldom in doubt, for persons who can recognise these are soon 
forthcoming. But when the body is stripped or mutilated the 
problem becomes a medical one demanding careful study and 
compilation of scientific data before identification can be effected. 
Recognition of the features has proved unsafe on many occa¬ 
sions. In the Luton ‘‘ Sack .Murder ’’ no less than 39 identity 
visits were paid to the victim in the presence of police officers 
who demanded close scrutiny, and 9 persons quite genuinely 
identified the lK)dy as that of four different individuals—none 
of whom proved to be the victim. 

Scientific data acquire the safety of disinterested observation. 
The. principal data required are sex, stature, age, colouring, and 
certain special data such as blood grouping and finger prints. 
!Qentition and details of tattoos, deformities and disease may per¬ 
haps be added. In rare circumstances the precipitin test for human 
protein (injected into rabbits for preparation of test agglutinating 
^ra) may necessary, because the fragments of tissue are top 
small for any anatomical identification to be attempted, 

Bpx provides nO: 4^ long as some parts of the. pelvic 

sk^e|cton remain,, for the Ipwer spine, sacrum, iliac bones and feinurs 
® distinctively shaped in the twp: sexes. Even the sternum 
and huihp^n^. iisb^e pjcovidedt some tabled measurements by which 
** m^theinaiical se:iunghas Ibeen achieved. Of course, the majority 
of Cases cause no stich exercise, for soft genital tissues remain for 
ipamediate recoghition; indeed, one of the last orgaii^ to decompose 
the'tou^_uterus. 
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Stature is also a matter of Ettk difficulty, for if the whole body 
is not available (even in pieces) the height can be estimated to 
within an inch from the lengths of individual long bones. Karl 
Pearson and Rollet have both compiled tables for stature estimation 
based on comparison with standard measurements of humerus, 
femur, radius, ulna or tibia, and in practice these—^more particularly 
the Pearson’s formulae—have proved remarkably accurate. 

Age is unfortunately a problem of more difficulty. For some 
ten days after birth the organisation of clot in foetal vessels no 
longer required, like the ductus venosus, and the drying, sloughing 
and healing of the umbilical cord, provide a fair index of day-to- 
day age. But between ten days and six months, when the first 
lower central incisor teeth of the ‘‘ milk ” dentition erupt, there is 
a serious gap. Sidney Smith admits that during this period one 
has to rely on increase in length and weight,” and that ‘‘ from a 
medico-l^al point of view for fixing the age they are of little value. ” 
Nothing may be known of the prematurity or otherwise of birth, 
of the exact birth weight, or of the progress made in development 
—a group of most variable factors. 

A child’s body foimd in a portmanteau deposited in Ashford 
railway station weighed 8 lb. 2 oz. and measured 23 in. in length. 
This would—if the birth were of average weight and at full term 
—represent good development up to an age of about 2 months. 
Police enquiry resulted in the arrest of a woman in Birmingham 
who admitted killing the child when it was just short of 6 months 
of age. The discrepancies were explained by her adding that it 
was born nearly two months prematurely and had progressed 
poorly with frequent ailments. Even the developing teeth, as 
yet unerupted, were tardy. 

The ductus arteriosus, a developmental shunt between R, ven¬ 
tricular blood—^arterial in the foetus—and the main aorta, closes 
functionally as soon as the lungs commence to function at-birth, 
but remains open structurally for some weeks or months, occa¬ 
sionally even years : its closure is far too erratic for age estimation. 
Barorofr and Barclay have recently studied the change in this shunt 
circulation at birth by means of thorotrast injection and X^ray 
cinematography, a novel scientific method. The survival of thte 
foetar form of haemoglobin remains obscure and provides nb 
assistance.'- ^ ;:v>- 

Age estimation from. 6 mbnths to about 25 years is made the 
easier by the progressive eruption of, first, deciduous aBd> later, 
the permanent teeth. After the seventeenth or eighteenth year, 
when only the third wisdom ” molar remains unerupted, 
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development may be studied by X-ray of the jaw: calcification 
of crown and root proceeds steadily—even if eruption fails to 
follow. The development of the ossification centres of bone forma¬ 
tion in the ends of the long bones and their fusion with the shafts 
provide covering evidence for age estimation during this period. 
Trom then until the beginning of the fifth decade (40th-50th year) 
there is a second gap in which opinion as to age is once again not 
far short of a guess. The development of adult lines of stress in 
bone (shown best by X-ray photographs of thin slices as in the 
Ruxton case), the fusion of the plates of the cranial vault and 
ossification of cartilages like the voice box and ribs, together with 
the development of senile conditions, provide rough guides in the 
later years of life. 

Colour in the victim may rest with hair, longest surviving of 
the eyes, skin and hair which provide this part of the identification 
data. Hairs are also commonly found adhering to weapons with 
which crimes have been committed or clinging to the clothing of 
suspects. The colour is not difficult' to judge even when dyeing or 
bleaching has affected it, but the identity is quite another matter, 
for hundreds of individuals in any community may have identical 
hair. Identification of similar hairs can, at the best, only go to 
increase the number of data linking a suspect with a crime or a 
weapon with a victim: hairs of victim and assailant may be 
indistinguishable from each other. 

A WAAF was found murdered in a ditch in Suffolk, and 
police investigations led to the finding of three hairs identical 
V with the victim’s head hair clmgmg to the trousers of a man 
ajlready suspect. They afforded a strong direct link between 
the two which helped to support the circumstantial evidence. 
Unfortunately sample hairs, taken for exclusion purposes from 
the suspect’s wife, proved to be quite indistinguishable from 
the dead girl’s, and this valuable evidence had to be discarded. 
The identification of blood is becoming increasingly complex as 
the ABO group specific substances become supported by the find¬ 
ing of 51 and N, P and finally Rhesus factors, but although these 
g^o%pee provide grounds: ibr individuality it must remain clear 
that .SO' long as these are group substances with wide, group distri¬ 
bution their value in individual identification must remain limited. 
Of course, where one of the parties is of the rare groups B (10-lS per 
cent, of the white population) or AB (3 per cent.) the chances of 
•disianguishing victim’s from assailant’s vare. correspondingly, in- 
creasM,. Error sometimes creeps into , blood grouping: owing to 
jithp;. weak- qualities, of a subsidiary - A2 agglutinogen 'and. A2B inay 
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be mistaken for B, or A2 for 0, Gaps of this kind in the scientific 
evidence are serious. 

Somewhat similar agglutinable substances are also excreted in 
the secretions of some 50 per cent, of persons, notably in the saliva, 
and may be detected on discarded objects like cigarette ends. Their 
value is subject to the same limitations as that of bloodstains. It 
is ironical that, apart from menstrual blood, sciwce is still unable 
to distinguish male from female blood, though the development of 
endocrine studies is already bringing this nearer. 

The finger print is, of course, made reliable by its astronomical 
detail. Galton estimated the chance of two complete ball-prints 
from different fingers being identical to be less than one in 
64 thousand million—some thirty times the world’s population— 
and he has been surpassed in astronomical estimation by Cherrill, 
Scjotland Yard’s finger-print expert, who judges it to be something 
like one in a septillion—a figure with no less than forty-two zeros. 
A single print may contain far more precise detail than all the 
other identity data of a body, and even the palm exposed in the 
V ” of a glove worn by a safebreaker has provided ample data 
to convict. Even if sufficient data were not. present in the fork¬ 
ing, contra-forking, looping and ending of ridges, impressions taken 
in yellow wax, greek fesin, spermaceti and tallow coloured by 
cobalt oxide will provide unlimited further detail in the pore mark¬ 
ings. Locard estimates 8-10 pores to open on {and therefore 
interrupt) every millimetre of ridge. White lead, graphite, chalk, 
mercury, kaolin, antimony—and silver nitrate, iodine fumes or 
paUadiun chloride as developers—have all added to the delicacy 
of police method in this art. Even the finger print of detached 
skin in drowned subjects has been recorded by reversal and by 
transmitted light both in this country and by Russell in the United 
States* The finger print on clothing has more recently been 
demonstrated with the use of 10 per cent, silver nitrate and acetic 
acid, followed by sunlight exposure as well as by ultra-violet 
photography. 

Demonstration of the finger print on the neck in strangling—and 
what an advance in scientific detection this would provide—^is still 
unattained. There are still big gaps through which the criminal 
may escape. 

Dentition data and disease or deformity, combined with the 
basic data set out above, have provided interesting material for 
study in two recent murders:. ‘ 

In the classical Dobkin case the remains of a woman 

found eighteen months ^er dismemberment, burning and burial 
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in lime under a church cellar floor. Identity rested partly with 
the general data as to sex, age, height and colour, but it was 
clinched by the presence of natural disease (a fibroid tumour of 
the womb for which the suspected victim had sought treatment), 
by superimposed photography of a portrait on the X-ray posi¬ 
tive of the skull, and by exact correspondence of certain dental 
data in the upper jaw. The shape of the jaw, the number and 
situation of residual teeth, their fillings and the presence of roots 
left after extraction aU corresponded in exact detail with the 
records of a dental surgeon who had attended a woman whose 
photograph he recognised as that of the supposed victim. 

In the Luton Sack Murder a naked body was found in a 
shallow stream on the outskirts of the town tied in four potato 
sacks. It was a woman of 30-35, five months pregnant, dark 
hair and brown eyes, edentulous, and with an appendix scar .in 
the abdomen. Her finger prints were taken, and a photograph 
. of the profile of the face. X-rays of the jaw, together with a 
plaster cast of the edentulous upper jaw, was circulated to local 
dental surgeons without success. Her identity remained un¬ 
known in spite pf wide circulation of her identity data and 
photograph and the most extensive enquiides, until a dyers’ tag 
foimd ione day in some discarded clothing caused a visit to a 
' certain address.: The woman of this house had disappeared at 
’about the time of the murder and could not be traced. Her 
genera! physical data and the dental conditions corresponded 
with those of the victim. She had had no teeth and the cast 
and X-ray photograph of the jaw taken at the time the body 
was discovered were found to correspond exactly with those 
taken by a dental surgeon who had attended the missing woman. 
Blood stains of the same group as the dead woman were found 
splashed on a dboc jamb in the house and a L. thumb finger 
print which. corresponded with that of the victim was found 
on a pickle jar which had by then lain for at least three months 
on a shelf in a cellar. Identification was proved to the satis¬ 
faction of the Assize court Juiy. 

2/ How Lono Dead ? 

It has been remarked that the only accurate and scientific 
answer to the question How long dead ? ” is. '‘ Five foot ten— 
the same as in'The gtreater the length of time which kiws 
passed before examination is made,, the reliable is the estima- 
tion of tfhe lap^ of time likely to be. The only reliable guide is 
triie steady fall M temperature which' takes place during the first 
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24 hours following death. The development of rigor mortis and 
of the post-mortem livid stains is altogether too uncertain, and by 
the time decomposition sets in no estimate which may be made 
can have an error of less than a day—or a correspondingly increased 
period as the time passes. To achieve anything like the accuracy 
the police require in fixing the time of death, the body must be 
found whilst still warmer than the surrounding atmosphere, that is, 
usually within 20 to 24 hours. 

Under average conditions some 2|° Fahrenheit is lost each hour 
for the first 6 hours and another 1^-2° during the second 6 hours, 
the loss of heat slowing in rate as the temperature of the body 
approaches that of its surroundings : thus roughly 


Normal temperature (98-4) — rectal temperature 

_ 


= hours dead. 


Heat loss in the river, lake or sea is about twice as fast as on land. 
But many factors interfere, with the simplicity of this estimation. 
The time of year, degree of exposure, ventilation, amount of clothing, 
state of nourishment of the body might alone be sufficient to give 
a defending counsel anxious to upset the basis of calculation all 
the material he desired. 

In a suicide pact couple dead of coal-gas poisoning, in whom 
the circumstances showed death to have taken place at vir¬ 
tually (if not legally) the same time, a difference of 3° F. was 
present in the rectal temperature 6 hours after death. The 
warmer body was clothed in nine layers of largely woollen 
materials, the cooler in three of a lighter texture. 

Cerebral haemorrhage—even the intense congestion which follows 
from constriction of the neck in strangling—^may cause a rise of 
temperature at death which is incalculable at autopsy : I have 
observed a temperature of 101° 2 hours after death in a case of 
violent asphyxial death. As it is . commonly in such asphyxial 
deaths that the police wish to establish the exact time of d^th 
this is particularly unfortunate and often offers an opportunity for 
accused to widen the time for an alibi. A rise of 4 to 6° is not 
uncommon, but cannot be safely assumed. 

The conditions under which maggots raise the temperature of 
the body—often in parts to levels of 75-78° F.—develop so long 
after death that they do not interfere with estimations made from 
the fall from normal within the first 18-20 hours. They have, 
however, introduced another specialist into the field, the entomolo¬ 
gist. The lapse of time after death in the Ruxton case was esti¬ 
mated largely on the life phases of calliphorine flies. Meguin had 



SCIENCE PBOGItESS 


720 

already applied entomological ob&ervatiouK in the endeavour to fix 
the time of death but came to the conclusion tliat they had only 
local value. 

Fleas provide a tail to this short cortege, foi* it has been observed 
in bodies found drowned they are certain to be dead aftej* some 
24 hours, require an hour for revival after soine J2 hours’ immer¬ 
sion, and some 4-5 hours after 18-20 hours’ immersion. Body lice 
drown in 12 hours beyond revival. The occasions when those tilings 
are of value are limited. 

When all of these factors have such inadequacies the estimation 
of the exact time of death seems a hopeless task. The later stages 
of decomposition both on land and in water proceed too slowly to 
provide any grounds for close estimations. Bodies which have 
become mummified (as infants without their contents of bacteria 
may) remain in a leathery state for months, even years, gradually 
desiccating. Even adipocero, that landmark in the decomposition 
of the moist body, is a wayward mark, for as with most chemical, 
bacteriological and enzyme actions, temperature alone may greatly 
hasten the pace. Hydrogenation of body fat is accelerated by 
warmth. 

In the case of a murdered girl in which the body was dis¬ 
covered buried in a shallow sandy grave on Godaiming heath, 
adipocere was found well established in as little as weeks : 
the process is rarely seen in this country under 4 to 5 months, 
and had clearly been hastened by the shallow burial and heavy 
warm rains with intervening sunshine which had preceded 
discovery of the body. 

Such infinite variability is incalculable to any close limit. 
Experience merely teaches one to be humble—and grateful when, 
on the basis of ordinary estimation and bearing in mind as many 
known factors as seems reasonable, some fairly close estimate is 
reached. It is never too late to measure the temperature in the 
hope that, though '' the body is cold,” it may still register a few 
degrees above that of the surroundings. In a recent murder at 
Hastings 7^ difference still remained after some 18 hours in the 
open with heavy snow on the ground and the time of death was 
fixed to within about an hour. 

Such gaps as these in the scientific approach to important 
primary questions in criminal investigation exhibit weaknesses 
which must be repaired. Toxicology, forensic ballistics, spoctro- 
graphy hold more and it is by interchange of view and converse 
that such gaps will become narrowed and eventually closed. 



A “ DIRECTIVE ” PHILOSOPHY OF 
PAINTINGS’ 

By F. lAJSr G. RAWLINS, M.So., F.R.8.E., F.Inst.P. 

Sckntific Adviser and As^i^rd Keeper^ The National QaUery 

In the last issue hut one of Science Progress to be published—^that 
which appeared shortly after the outbreak of hostilities in 1939 [1]— 
the present writer tried to present a view of creative art, applied 
particularly to paintings, based on the Oestalt concept, and the 
associated law of Prdgnanz. Physically, the standpoint had much 
in common with potential theory, in its use of maximum-min im um 
principles, and the analysis led to the adoption of a minimal free- 
energy as indicative of satisfaction or r^ose in a work of art. In 
addition, a species of invariant qualitatively akin to value was 
introduced. This axiological aspect was not developed further at 
the time, but is clearly connected'with the notion of required¬ 
ness ” characteristic of some psychological thinkers. In the sequel, 
this train of thought wiU be further investigated. Some six years 
of intermittent attention to the subject, and the encouragement of 
'certain scholars during that time, taken together, must form the 
raison d'etre for the present contribution. Incidentally, a wider 
implication can perhaps be discerned, namely, a connection with 
Aristotelian philosophy and with a biological system possessing 
certain teleological features. If the latter trend is somewhat 
suspect, one can but recollect similar hints in pr^ent-day work in 
theoretical physics. 

Further, there is an historical element, mentioned in the earlier 
paper, but left over at the time for future consideration. This needs 
clarification now. An effort at a somewhat sharper focus will be 
made in terms of a species of neo-scholasticism. In passing, this 

1 The author would express his deep sense of gratitude to Professor Sir 
Edmund Whittaker, F.B.S., for guidmig his. thought in many ways joyer. a 
period of some twenty-five years. To Dr. E. S. Russell, F.L.S., he is indebted 
for a recent stimulating discussion oh the biological aspect, and to Mr. BJ. 
Ruhemann for help and advice on the painting by Botticelli referred to in 
the text. ' , ^ 
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harmonises with much of the view implicit in the theory of art 
amenable to Husserl’s Phenomenology, which itself bears witness 
in some respects to the jphilosophid perennis. 

At this stage it may well be asked, why all this fuss and bother ? 
The answer is that we have come to the end of the time when an 
essentially Cartesian outlook will suffice as a Weltanschauung for 
each and every activity of mankind. Inadequate even for the 
modem physics, it is patently incapable of coping with situations 
unsuitable for analysis by diffetential equations. • If a strict neces¬ 
sitarianism cannot always be maintained in the physical field, it is 
indeed unlikely to satisfy us in the large uncharted spaces of psycho¬ 
logical. causality. And indeed the latter is perhaps the more 
interesting. Here may be the place, to notice a tendency in the 
historypf thought to take over bodily some well-tried and sharpened 
tool already existing, and to set to work with it on a new, or at leagt 
upon a little-known, fabric, not always with the happiest of results. 
Wave-mechanics is a case in point: not that the method failed, far 
from it, but because in some minds it seemed to induce an impres¬ 
sion that the why ” as well as the ‘‘ how ” could be obtained by 
essentially classical means. Somewhat similar has been the result 
of applying physico-chemical processes, especially thermodynamics, 
to biological phenomena. Clearly most valuable, but unable to 
accoimt for the behaviour of the organism and the characteristics 
of life. What stands out is that then ‘‘ ultra ” situations, like art, 
are factual as much as the rest: they cannot be ignored because 
they are methodologically inconvenient, still less because they are,^ 
not strictly, or sometimes not even approximately, rational 
investigate, them is all the more exciting. 

We are faced then with certain facts of man’s productive genius, 
namely great paintings. In beholding them, it is clear how mucli 
it cost in creative strife to bring them to birth. What interests 
us now is not so much how as why?- Technical research has yielded 
valuable data relating to ways and means employed by the great 
masters, it has absorbed a fair amount of natural science in the 
process, but pev se it is ill-fitted to deal with the reasons for the 
e^fence of supreme works of art. Majestic as they are, they are 
probably but the goal, or end-state, of certain (Aristotelian) causes. 
At this angle, particularly, it is proposed to study them. 

This urge to see lAxe phihsophia perennis as a kind of intellectual 
lifeline, stretehfag ages and forward into the future, 

raises the question Why it seems to hold out something which eager 

the HUmediate issue is much inore (^aHtative than quantB^ 
the reason for the existence of pictures more than how they are constmeted. 
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hands may grasp in the present context. The reason is probably 
to be found in the solidarity of knowledge which has always been 
its most outstanding characteristic. It is a system capable (unfor¬ 
tunately by no means universally effective however) of dealing 
collectively with sense data, and thus with arts and sciences alike. 
In a word, within it may possibly be found that couple or bond we 
seek in an effort to work out a “ directive ” philosophy of paintings. 

Directive ” suggests at once a sequence of events beginning 
with potentiality and ending in entelechy, which is precisely what 
the gradual emergence of the design of a great picture invdlves. 
We shall try later on to follow the process in an actual example, a 
pamting by Botticelli. In so doing much of the viewpoint tenta¬ 
tively put forward m the earlier article will be retained ; the differ¬ 
ence, however, is the greater wi^ght now accorded to the artist in 
terms of ‘‘directiveness-” Physically conceived, this means that 
maker and object constitute a closed system, rather like the type 
envisaged in theoretical thermodynanaies as developed axiomaticalUy 
by Caratheodory on the basis of Pfafif’s equation. PhilosopMcally 
conceived, we are attributing a certain purposefulness to the artist's 
effort, and this in its turn implies a ^nseof values. If the pressure 
to create is unconscious, or nearly so, the whole reaction only differs 
in degrees from many another in the organic world. Thus far by 
way of introduction. For the rest,“ faint heart ne'er won fair 
lady ” is of the essence of the venture to enfold great art witimi 
a broadly scholastic frame. There must be no impression of forces 
as Husserl knew from his experience with the phenomenolc^ioal 
iMjrizon, and his overwhelming desire for rigour. One has only to 
recollect the pregnant condition of art in the days of St. Thomas 
Aquinas to see how naturally it may serve, or even subserve, the 
principles of scholasticism, and through it a wide expanse of human 
need. This is not of course to suggest a lack of reciprocity : for, 
as the sequel is intended to show, Aristotelian Views on causation 
appear to illuminate, in part at least, the int^tionality of art. 

Dereotivekbss ” IK Creative Art 

We consider first, in its application to the artist, the schematic 
sequence suggested by Murray [2], and illustrated by Ilussel [Sj, 
namely, . 

(BS) ^ ^ (Ss), ^ : ; ; y 

in which (BS) stands for the ‘‘ be^taang-^te,” (SS) for the ‘v stimu¬ 
lus situation,” (A) for the '‘^actim,” and (BS) for the ‘^end-^tag^ 
The whole concept is typically Aristotelian, as indeed its 



SCIENCE PROGRESS 


724 

origin might almost independently suggest. What matters now 
is that it provides a clue to creative activity without any necessity 
for mechanical or materialistic details, such as modes of operation. 
Its structure is purely functional, and, thus interpreted, seems attrac¬ 
tive for our present quest. Whether it corresponds to any actual 
physico-chemical process or not is for the moment neither here 
nor there. 

An artist assuredly possesses, at a given epoch, a state of unrest 
or potentiality (BS); he is no less certainly involved in a stimulus 
situation (SS); activity (A) follows, and an end-state (ES)—for 
us an object of supreme art is, theoretically, reached. This transi¬ 
tion from (BS) to (ES) is mirrored, so to say, in the completed work : 
it is not difficult in general to distinguish in a great painting the 
tangible results of this development. The application of X-rays 
and other physical means to the study of classical pictures has 
enabled us to follow through—^Ln favourable, cases—such attempts 
as the artist h^ made to reach satisfaction, often by devious paths, 
giving a strong hint of a species of effort akin to the biologists’ 
morphoplasticity. In fact, as the artist’s purpose expands, so does 
his design. This is not to assert that the two necessarily go hand 
in hand at every phase. In most instances it looks as if the whole 
scheme for a great painting was worked out in detail weU in advance, 
and that when the actual work came to be done, everything was 
settled and fitted into place. What is involved is something earlier, 
as may occasionally be inferred from cartoons or preliminary 
drawings. In these the unfolding process may be more 
clearly marked, the onset of stimulus and the obri’esponding 
action. 

Readily revealed in supreme art is the basic difference between 
organic and inorganio reactions. The former reach their end-state 
(ES) in spite of all obstacles, overcoming or circumventing them as 
occasion requires (that complete success does not invariably occur 
can scarcely be taken to invalidate the main argument). The latter 
approaches its appointed end, or, if impeded sufficiently, further 
action inevitably ceases. It is perhaps well to observe that all 
this does not in the least preclude a detailed study of the under- 
l 3 nng physico-ch^em^try: it is probably essential for a final under¬ 
standing of the whole matter, just as a functional comprehension 
is imperative at the human level. It appears more likely that some 
insight into the reasons for Creative art can be obtained as an inte¬ 
grative principle rather than upon an analytic one. And this is 
what the Murray-Eiussell expresdon helps us ;tQ do. Thus while 
(BS) (SS) —(A) (ES) is directly applioablerto the formation 
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of norms and to the description of behaviour, there is no reason 
why we should not use it tentatively if in fact that behaviour is 
purposeful. The focus of interest is now upon the terms themselves 
rather than upon the totality of the reaction, except for one aspect 
to be discussed later. 

Nevertheless, the integrative principles already alluded to sug¬ 
gest something akin to a Gestalt^ more especially since the goal 
attained is obviously much more,than the ‘/end-summation’’ of 
its parts. Stimulus and activity produce together something 
which without organisation is meaningless. Manifestly, a complete 
knowledge of the physics and chemistry of the ingredients (wood, 
canvas, pigments and so forth) of a painting fails to provide any 
information whatever concerning either its appearance or its mean¬ 
ing. Not only then, on this view, is the end-state (ES) a Gestalt 
at a high psychological level, but so is the natural product of the 
stimulus and activity, i.e, the painting itself. To see this^ we have 
only to remove some part, even a seemingly trivial part, of the design, 
to bring ruin upon the whole. In other words, the end-state (ES), 
as objectivized by the finished work, is extremely sensitive, and 
its state of equilibrium easily upset. If satisfaction is achieved, 
it is only by the most delicate acts of balance. Poise is, in fact, 
not only geometric, it is mnemic as well. 

To return to the question of the totality of the formula 
(BS) (SS) (A) —> (ES), it seems to contain within itself two 
characteristics familiar to physical chemists, namely the principle 
of Le Chatelier and the law of mass action. The former asserts 
in effect that a process once initiated tends to meet with opposition 
which acts in such a way as to slow down further progress. The 
latter is concerned with the products of a reaction which, when 
formed, and unless renloved from the scene of operations, may 
function so as to drive the process in the reverse Section, thus 
inhibiting complete transformation. If these widespread pheno¬ 
mena are well understood in the field of chemical energetics, they 
are assuredly significant also in the present context. Not unlike 
Le Chatelier’s principle, many works of art bear witness to a certain 
evaporation of desire as their fashioning continued, and, on a more 
extended scale, even schools have inclined to me,et obstacles, both 
social and psychological, which, taken* altogether, have combined to 
slow down their effect, and ultimately perhaps to bring it to a 
standstill. The law of mass action works in such a way as o^a- 
sionally to poison the original purity of : purpose, and so to brfr^ 
activity to a premature end, considerably short of the state theoreticr 
aUy attainable. In the language of science^ the 
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poiatingly small. Some of these questions have received detailed 
at)tmtion by PteMord [4]. 

It is just possible to go a step further, and to recognise the 
analogue of catalysis^ Some artists, or groups of artists, have 
been exceptionally socially-conditional, for example the Barbizon 
School, where their milieu had. provided an essential stimulus to 
achievement. But they sorely needed an interpreter for the 
uninitiated, and found one in Thor^, in much the same way as the 
Pre-Eaphaelites relied upon Buskin. In all this, there is unmis¬ 
takable evidence of directiveness whether consciously appreciated 
or not. lurthermore, the various liindrances which history shows 
as sometimes thwarting and sometimes fortifying leading artists 
have at least stressed the complexity of the whole reaction from 
beginning to end. It is well to notice the order of events : a stimulus 
situation (SS) is a pre-requisite to action (A) as in the purely bio- 
Ic^eal field ; indeed (A) may even be endued with such a heavy 
inertia as never to get under way until (SS) becomes exceptionally 
powerful. Otherwise expressed, the system may have been origin¬ 
ally metastable, or even labile. More common, however, is the 
reverse effect in which a small threshold stimulus exei*ts initial 
response insufficient in the event to reach a valuable goal. Odd 
as it may seem, the traditionally rigid demands upon medieval art 
from ecclesiastic quarters often generated enough potential to &e 
the spark. 

It is now j^sible to see how closely the morphogenesis of a 
picture approaches the five conditions enumerated by Russell as 
characteristic of directiveufess. Somewhat abbreviated they are— 

(1) Aotioh ceases when the goal or end-state is reached. 

(2) Actipn usually persists until the goal is attained. 

/ ^3) Alternative methods of reaching a goal may be used, and 
forthermore, defective methods may be made good by an 
increased use of alteimatives, ^ 

; (4j Different paths, starting j&om different beginnings may lead 
to, the same goal: in fact the end-state is more constant 
,, than the. method of getting there. 

^ ^ (5) 6<^-d|rept^^ activity is limited by conditions, but is not 
' determ^ them. 

Epistemolbgicat^, this scheme is thoroughly Aristotelian ; there 
is no sign/of a ffiaehanism (in this it resembles much of classical 
iheimedyu^mits^) ^ the impKcatioia^ are teleological in that we are 
bidden io leok towards: ends rather tlmh means, and finally a hint 
at to why ^eat: ratiier than how 
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they do. They came about because the couatu^ or drive which is 
imtiated in the artist’s mind forges ahead to its appointed goal, 
scattering difficulties left and right as it gathers momentum. Thus, 
around the graceful neck of this general theorem hangs the corollary 
obtained before by the present writer (Rawlins, he. eit.) from 
distinctly dififerent p3?emises, that the fcee-energy of a great painting 
represents a minimum, associated with some specific degree of 
organisation. Exactly what degree cannot as yet be determined 
numerically: it is the “ best ” as the law of Pmgmmz demands. 
But one point needs emphasis, and that is that the best is not 
necessarily the simplest organisation. Discrimination here goes 
straight to the core of aesthetics : those entitled to form a judgment 
regarding the beautiful will reach a deeirion with a unanimity sur¬ 
prising to anyone unaccustomed to such studies. If required¬ 
ness ” so decides, simplicity will be fotmd to give place to complexity. 

What is more, art is not alone in this, or at least the fine arts 
are not. Dirac [5} has pointed out how mathematics may be 
subject to the same criterion, and with the same confidence of 
recognition.^ It is tempting to, declare—^as a result of this—without 
any apology (what is tacitly admitted already) that mathematicians 
are artists, born not made, and subject at times to insight differing 
but little from revelation.” 

In any case, maybe a result of the kind of thought outlined above 
will be a closer understanding between the arts and sciences in the 
realm of creative instinct. There seems a tendency occasionally to 
overstress the differences between these types of human endeavour : 
they are probably at their most acute when seen in the company 
of applied science and technology ; as might be expected, they 
diminish as the creative element predominates over the merely 
inventive. 

The Historical BAOKGRotrKD 

A good case could no doubt be made out for establishiiig—or 
at the very least for indicating—^the historical approach to direc¬ 
tiveness in painting before attempting even so tentative a methodo¬ 
logy as that discussed in the foregoing section. To have acted thuis^ 
however, would have demanded more of the reader’s patience than 
could properly be expected, for Until: comparatively lately there was 

^ Sir Frederick Pollock, Ifinoself a senior wrangler in ISOe, wrote of ISainuri 
Vince, who was Flumian Ih^ofessof frdm 1796 to 1822, that he fVince) “ wW 
a bungler,- tod I think utterly insensible of mathematical beauty.’’‘ Pdiioel: 
was an old man when he penned this remark, which seems to suggest com¬ 
plete confidence to discern, clumsiness and lapk/df aesl^iotic app^ 
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no reason to believe that a creative movement of mankind such as 
we are contemplating now could seriously be regarded as amenable 
to a reaction such as (BS) —>• (SS) —> (A) —>* (ES), let alone the 
five postulates concerning beginnings and goals. Thus, should the 
present position be judged interesting (if not completely tenable 
as it stands), we are naturally driven to ask to what initial circum¬ 
stances so strange a view of pictures could possibly be ascribed. 
We try in fact to span the centuries in retrospect in the hopes of 
4iseoWring the rock whence our theme is hewn. This endeavour 
win not, of course, be a brief history of painting ; on the contrary, 
it will be a brief history of thought, of that Idnd of thought which 
has evoked action of a superlative character. Its essence has 
always been akin to revelation rather than to reason, to synthesis 
rather than to analysis, to insight rather than to experience, to 
integration rather than to differentiation. What does all this 
mean? Perhaps that the Universe is not, so to speak, a closed 
system,; forbidding entirely the impact of events from outside—^in 
other words, that strict determinaoy seems unlikely. Centuries ago, 
Epicurus felt this—and allowed for it—^in dealing with the con¬ 
sequences of the atomic theory of Democritus. 

For Aristotle, dir (a or cause meant something altogether more 
expansive than our connotation of the word. Thus, he introduced 
(1) the material cause, {2) the formal cause, (3) the efficient cause, 
(4) the final cause. In our present context, these would be construed 
as follows--"(l) would be the ingredients of a painting, e.g. wood, 
canvas, pigments, oil, resin, and so forth, (2) would be the finished 
picture, (3) would be the artist, and (4) would be the “ message 
or intention.: This last is evidently teleological. The value of these 
concepts for our theme is readily seen to be in bringing the agent and 
his work into a more precise relationship than any other system is 
capable of doing. At the same time an axiological turn is given 
to the discussion by the presence of the final cause, since clearly the 
artist's purpose may have any degree of value from the most trivial 
to the most profound. Indeed, so vital is this factor in the assess- 
mmt of great art, outstripping by far the relevance of mere tech¬ 
nique within wide limits, that, conjointly with sesthetic accomplish¬ 
ment, it may be said* to establish philosophically the worth of an 
artfet's labours. In terms of the previous section, the end-state 
(ES) is uniquely determined by the Aristotelian j/inai cause, rather 
than by the formM e^xiBe. It would need too long a digression into 
Esthetics to establish ii ipo between these two ; 

brides, purpose moment is more in the connotative region 
than in tfio formal. Birkhoff [6] has demonstrated hoWit is possible 
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to arrive at quantitative data in the latter field, but admits that 
such a result is unlikely for the former. 

Nevertheless, the history of art, consciously or unconsciously, 
has shown great interest in, and concern for, the first three causes, 
even if their characteristic inter-relationships have not always been 
too well discerned. Thus, the material cause has long been studied 
for its role in fixing, or at least in indicating, both date and proven¬ 
ance, The corresponding truth-density involved is not of the 
highest, but enough is often obtained to provide a species of lemma 
upon which a proposition relating to the origin of a work or series 
of works can reasonably be founded. 

The bond between material cause and formal cause is largely 
that of technique, whereas stylistics are now seen to be concerned 
more with the latter cause itself. This distinction seems to be of 
some moment, and perhaps for this reason. For many a year 
experts have busied themselves with tr37ing to understand Aow a 
great artist (e.g, Rembrandt) achieved his results, whereas to-day 
some of the interest has shifted to asking he employed certain 
means to secure certain ends [7, 8]. Epistemologically^ building-up 
is conceived more as a Gestalt^ i.e. as an integrative process, and less 
as a juxtaposition of materials, howwer skilfully; arranged. In 
some such way as this, the scientist is becoming more sympathetic 
to “ style,’’ and the pure art critic less inclined perhaps to cverlook 
the deeper levels of psychological activity inherent in the sub¬ 
conscious use of appropriate materials. It is worth noting how 
relatively little of value has come out of a detailed knowledge of 
the chemical constituents of a painting, whereas the impact of 
physical methods, linking up with the visual properties of paint- 
films, media and surfaces has been decidedly more encouraging for 
making common cause with the art historian., 

Born out of strife, a really great picture appears as an event 
in the experience of mankind; yet there have probably been few 
epochs when travail of another sort was not being spent in an 
endeavour to understand supreme art, and to interpret it, as a 
harmonious background might do its lesser part in the general 
setting. . 

From such a position, it is a natural step to contemplate the 
efficient cause, i.e. the artist himself. Almost instantaneously one 
thinks of Leonardo da yinei the embodiment of the: Stagirite’s 
third cause. To the scientkt, his pa^ion for> experiment is 
known ,* what is less recognised, however, is his venerathm for 
Archimedes and his outlook [9]. This may point to a sense of rebel¬ 
lion against the verbal futilities of the sohoohnen in 
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coupled ■with a desire to submit e'verything to the test of practice. 
When one realizes what difficulties Leonardo overcame in his efforts 
to study the works of Archimedes, it is obvious that a mental end- 
state (ES) was being sought out m route as it were to yet more 
distant goals. In fact, a very definite teleological principle is seen 
to be at work in the master’s mind, as he labotired and suffered. 

In recent decades the relationship of art to philosophy has been 
examined anew in connection with Husserl’s Phenomenology [10]. 
There are several important aspects, but two may be selected as 
indicative of directiveness, even though they were not probed 
specifically with that intent. They are purity and greatness. A 
short discussion of each of them may fittingly conclude this section 
dealing ■with the historical background of our principle. 

Purity .—Accuracy of focus—^both in the choice of idiom and in 
the factual implementation of the theme that symbolises the con¬ 
tours of feeling—affords some estimate of the degree of purity 
attained in a painting. Herein the Aristotelian transition from 
potency to actuality is seen at work. Looked at from outside, the 
process is not unlike the phenomenological one which discards what 
has been called “ the straightforward evidences of naive ontologies,” 
and tries to tiace them backwards, finally to anchor them securely 
in the intentional context. 

Gfreoiaess.—Liberation of the, depth of being occurs in a great 
picture. The question is how deeply and how honestly it is expressed 
in the actual work. In a way analogous to purity; greatness is 
registered—and perhaps it® degree assessed—by hoW successful it 
is in giving to the nimd somewhat to have and to hold “ of things 
unknown.” Once again, a teleological tendency is present, this 
time in increasing what might be called the resolving power of the 
mind. Otherwise expressed, the artist’s goal is the refinement of 
thought, vague and fuzzy originally, into a balanced whole, disci¬ 
plined and purposeful. The aim is resolution rather than mag¬ 
nification. 

So much for a rapid glance at the course of events which, for 
better or for worse, forms the Hinterland of a directive approach to 
paintings. It will be observed that the modern and somewhat 
unorthbdox principles in view by no means imply that they are 
intended: particularly for contemporary art: on the contrary, it 
seems 'to the ■writer that stieh concepts have been “ occluded ’’ for 
Centuries in such a sy^ni as thep^iZosqpAiaperenm's, and that they 
.are most appropriately/illustrated by the great masters of classical 
_,.paintiag.^' 

Eor Ourselves, the value Of these studies li^ in just that property 



PLATE I 



The Adoration of the Magi,” by Botticelli. 
{Courtesy of the Trustees of the National Gallery.) 





PLATE II 



X-radiograpli (14 lev., 15 ma.). Actual size, showing part of the figure indicated 
by arrows in Plate I. Observe the tentative outlines of his left thigh and foot 
—also (dark) incisions on right leg. ^ 

(^CourteBy of the Trustees of the National OaUery.) 
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of scholasticism which has always been its outstanding merit, 
namely its comprehensiveness, that is, its ability to include such 
diverse accomplishments as philosophy, natural science, the fine 
arts and the rest within its abundant charity. In a world immersed 
in technology and troubled by its powers, the suction of art into one 
great corpus of knowledge may yet be advantageous. 

An Example op '' Directiveness ’’: '' The Adoration op 
THE Magi,’’ by Botticelli 

This is an early work, and examination shows a number of 
features illustrative of the functional approach already fully 
discussed. Plate I is a photograph of the whole picture, the dimen¬ 
sions of which are 20 inches by 55 inches. There are a number of 
incised lines which are found not only at or near the edges of archi¬ 
tectural details, but also appear in hands, faces, garments and so 
forth. Naturally the purpose might be to accentuate contour, 
where they seem to have been scratched into semi-dry paint, but 
it is more likely that at least in some instances where as many as 
three such lines are present they represent successive attempts to 
improve the design as it progressed* In other words, the whole was 
not conceived and acted upon with mechanical rigidity, but evolved 
—^in fibaer points at least—^s the artist felt inclined. Incidentally, 
there is a sword or sceptre (incised) which never materialised in 
paint. Of course, much of this may be little else than carelessness, 
but it is interesting to reflect that effects of this kind are consistent 
with our theorem according to which if ends are not attained by 
one method, another is introduced until the agent is (in theory) 
finally satisfi^. Again, with the sceptre, it may have been adjudged 
irrelevant, and therefore left unfinished. In all these modifications, 
according to our interpretation, there is a decrease of free-energy 
as the painting approximates ever more closely to the state intended. 

From here is an easy step to consider the manner of the pre¬ 
liminary drawing-in. The thinned (black) paint lines do not follow 
the incisions, but give the impression of being more in the nature 
of tentative affairs j in continuous effort to improve upon the design. 
Sometimes there are several such strokes, analogous to more than 
one incision. The contrast between these gropings and the charac¬ 
teristically hard outlines of the finished picture suggest some kind 
of hesitancy, or trying one way after another to obtain the desired 
result (Plate II). ; 

It has been pointed out by Ruhemann [11] that this may con¬ 
stitute a real difference between the true painter and the artisto, 
or copyist, in that the former will work but his purpose d^Rmically, 
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even though everything was “ all set ” in his preliminary sketch or 
cartoon. 

Broadly, our example demonstrates the Russell theory in action. 
A definite end-state or goal exists in the artist’s consciousness, and 
he reaches it by any means available to him once he has set out 
upon his journey. If one path is blocked, he tries another, and 
not only so but he seems to realise that modification in one particular 
implies—^perhaps even demands—consequential changes in another 
(a QestaU property), so that the inevitable condition of minimal 
free-energy should at length be reached. The whole process is seen 
to be analogous to the adjustment of currents in the arms of the 
Wheatstone bridge:, whatever is done is subject to the ultimate 
energy distribution in the network, an example of minimal 
“ requiredness.” 

There seems little doubt, to judge from a number of pictures 
investigated, that these alterations, varying from minor outlines to 
large shifts (including pewtmmti), occur very frequently amongst 
the works of the great masters. They represent a type of vacillation 
of great psychological interest, clearly coimected with a certain 
humility of brain and hand, in contradistinction to the cocksureness 
of the imitator. Although many of these effects can be seen with 
the naked, eye, scientific (especially physical) methods can often lift 
them, above any suspicion of mere subjectivity. 

We have trayelled some way along a nonertoo-easy road, maybe 
not without stumbling, and certainly not without labour. A 
rnoment’s pause now at the end to see what, if anything, we have 
aeeoTOplished. Starting ont from 'a certain parallelism between 
pfHeiniaal theory and the implications of .the (JeatoZi concept (and 
recollecting that all maximum-minimum principles are to some 
extent teleological) we have applied the symbolism of (organic) 
directiven^s to the creation of paintings, as indeed such symbolism 
is itself most naturally orientated towards biological ends, purposeful 
or automatio. And so, a retrospect over the centuries brought the 
residtj almost obvious at the.beginning, that we should;find the 
stinings nf such an Outiook in the giant intellect of Aristotle, who 
gaye to msmkind the Jfiist JfieiAodii of causality and the urge to nse 
it for the intei 5 >i»fotion:Of function. This indeed is what we want, 
a system patiept bf P*^theniatical reasoning yet independent of 
mechanics. For ti^ ,how we wiU, art refuses, utterly and always, 
to be/fettejE*^ hyf a Finally, an 

^cample of taitative morphc^lastitity is ihrnished by- a considera- 
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Through some such strife may come glimpses of that First Cause 
Whose way is in the sea, Whose path is in the great waters, and 
Whose footsteps are not known [12]. 
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THE VENETIAN LAGOON 

AN HISTOEICAL ANB BIOLOGICAL SKETCH 
By L. C. BEABLB, M.A. 

Lecturer in Zoology at King's CoUege, Newcastle-on~Tynef fortnerly Major, jR.A.M.C., with 
a Malaria Field Laboratory in North Africa and Italy 

Origins 

The amphibious conditions of life which determined the origin and 
history of the great Venetian Republic are a matter of common 
knowledge. But the physical and biological factors upon which 
these conditions are based are not so generally realised, though 
much has been written on the subject, chiefly in Italian, during the 
past four centuries. 

The low-lying north-eastern Adriatic coast between Ravenna 
and Trieste is so jigsawed with lagoons, sand-bars, estuaries and 
islands that a coastline is an arbitrary abstraction. But, strange 
to say, this at first sight wild and natural ” coastal configuration 
is the result of centuries of struggle between man and the forces of 
nature. There is a state of precarious equilibrium maintained by 
constant vigilance and effort directed primarily, not as in Holland 
to the reclamation and preservation of land, but to the protection 
of the sea against encroachment by the land, or rather the coastal 
lagoons and channels from extinction by silting. The purpose of 
this struggle is and has always been twofold—^the maintenance of 
navigation channels and the preservation of the lagoon fisheries. 

The lower Po Plain (Padana) and the Venetian Coastal Plain 
(Veneto) have been formed by extension into the sea of alluvial 
deposits eroded from the Alps and northern Apennines, a process 
which had of course been in operation long before man became a 
factor in the situation. The configuration of the coast was then 
determined by a balance between alluvial deposition by rivers and 
the action of winds and tides. The prevailing winds being from 
the north-east and thus parallel with the general coastline, out¬ 
flowing sediments were accumulated as sandbars which ultimately 
foimed elongated islands [Udi), leaving shallow lagoons between 
them and the mainland. Such lagoons are xfltimately due for 
extinction by further silting unless this can be artificially prevented. 
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The natural result is the blocking of the river mouths which must 
then break through to reach the sea at some other point. Over 
many thousands of years these forces have operated to extend the 
plain into the sea, and striking changes have been recorded in 
historic times. Ravenna, now some 6 km. from the sea, was a 
seaport in Roman times; the Po delta has advanced into the sea 
and its mouths, now six in number, are constantly moving, the 
main stream haying been diverted from the Po di ToUe to the Po 
di Pila since 1900, 

Such then was the origin of the Venice Lagoon, all but separated 
from the sea by two elongated islands (the Lido and PeUestrina) 
which were formed by the prevailing currents from the sediment 
deposited by the rivers Piave, SUe and Brenta. It has survived 
during historic times only because the prosperity and indeed the 
very existence of the Venetians required that it should, and means 
were found to preserve it. 

Pbesbrvation 

Both the near-by swampy mainland and the islands of the 
Lagoon were inhabited before Roman times and the Romans started 
the work of controlling the rivers by the construction of canals. 
But with the collapse of the Roman Empire and with the barbarian 
invasions from the north, these works fell into decay and were not 
effectively revived until some centuries later when the Venetian 
Republic had been firmly established. It was in fact the periodic 
threat of invasion which helped to make and consolidate Venice as 
a great power. The population of the islands was increased by ’ 
refugees from the mainland towns ravaged by the Huns in the fifth 
and by the Lombards in the sixth century. In the ninth century 
the almost successful invasion by the Pranks stimulated the unifi¬ 
cation of the Republic and the concentration of the administration 
on the islands of the Rialto. But the emergence of the City and 
State of Venice, with all the cultural and economic consequences 
for the world during the coming centuries, was only partly assured 
by political unification and the removal of the threat of invasion. 
Its power and prosperity must of necessity be founded upon the 
sea and overseas trade. But the Veneto coast is naturally most ' 
unfavourable for navigation, and the port of Venice was under 
constant threat of extinction from the silting of the Lagoon by the 
three rivers. The struggle against these rivers by the construction 
of diversionary canals was begun in the thirteenth century and has 
continued to the present day (Pig. 1), The Brenta and Piave tians- 
port immense quantities of sediment from the Alps during the 
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spring floods, and the Sile rises from copious deep cold springs above 
Treviso and is thus in constant flow. By the progressive building 
of a canal system the three rivers, wliich originally discharged into 
the Lagoon, are now diverted into the sea, the Brenta to the south 
and the Sile and Piave to the north (Pig. 1). The mouth of the 
Brenta, which until the nadd-fifteenth century opened into the 
Lagoon at Pusina close to Venice, was progressively moved farther 
south and was finally expelled from the Lagoon at the end of the 
last century by a canal to Brondolo south of Chioggia, in all a distance 
of about 30 km. There now remains only the Dese flowing into 
the Lagoon opposite the island of Torcello, but the amount of 
sediment involved is insignificant. As well as the main diversionary 
canals there is an intricate system of inland waterways connected 
to the Lagoon by locks. Most of the vegetables and fruit grown 
in this area are transported to the Venice market by boat. There 
are also connections between this, inland water system and channels 
which skirt the edge of the Lagoon to give a supply of fresh water 
for operating the fishing valli (see below). 

• The diversion of the rivers was only one of the necessities for 
the preservation of the Lagoon in a navigable condition. Dredged 
channels had to be maintained to connect the entrances (porti) with 
Venice and the other islands, and the porti themselves were in 
danger of blockage from sediment washed down the coast from the 
new mouth of the Piave. The parti were finally protected by moles, 
and liners can now reach the port of Venice through the Porto San 
Nicolo. It was also necessary to stabiHse the external islands {lidi) 
which were constantly eroded by winds and currents and whose 
stability, was essential for the protection of the Lagoon. They 
were originally strengthened by wooden stakes but, after catas¬ 
trophic damage by storms in the eighteenth century, these were 
replaced by dykes {murazzi), reinforced with stone blocks transported 
from across the Adriatic, by which about 20 km. of the external 
coastline is now protected. 

Yet another threat came from the Lagoon fisheries which soon 
became, as they are still, an important local industry. The peculiar 
method of fishing evolved on this coast, which is described later, 
involves the enclosure of large areas of the surface of the Lagoon 
(Valli da Pesca), The unrestricted enclosure of valli began to hinder 
the free flowing of the tides and thus to threaten the navigation 
channels with silting. As early as the fourteenth century the 
government of Venice faced this problem and passed laws regulat¬ 
ing the enclosure of valli and the opening of sluices and obtadnad 
powers for expropriating and destroying valli whicfi were directly 
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threatening the shipping ways. This conflict of interests continued 
until recent times and the present police regulations limiting the 
abuses of the vallicolturi for the benefit of shipping were drawn up 
under the Austrian regime in 1841. 

Hydrology 

AH affairs relating to the hydrology of the lagoons and inland 
waterways of the Veneto coast are now under the supervision of a 
special government department in Venice, the Magistrate alle 
Acque, under whose auspices a survey of the hydrography, fisheries 
and hygienic problems was published in 1937 (Bonifica e Vallicoltura). 

The area of the Venetian Lagoon is approximately 1000 sq. km. 
It is very shallow—^up to 20 m. in the main dredged channels, tailing 
off to 1-3 m. in the smaller branch channels, outside of which most of 
the water, especially in the valU, is less than 1 m. deep, and extensive 
mud flats {barene) are exposed at low tide. The tidal amplitude 
on this coast is 60-90 cm., which* owing to the shallowness of the 
water has a considerable effect on the external regions of the Lagoon 
{Laguna viva) but has little influence on the landward periphery 
{Laguna moHa). 

The physico-chemical conditions have been studied by Picotti 
(1935, 1936, 1939). In general the salinity decreases towards the 
landward periphery owing to fresh water from the land, but except 
very locally {e.g. at the mouth of the Dese) there is never more than 
a 50 per cent, dilution. The biologically important characteristic 
of the Lagoon as compared with the sea outside is the wide fluctuation 
of both salinity and temperature. These features are shown in 
the acoompan 3 ?ing table. In midsummer the salinity of the Lagoon 
approaches that of the sea, which is of importance in connection 
with the migration of fish (see below). In some of the Valli da 
Pesca the salinity in midsummer may exceed that of the sea and in 
some of the extreme peripheral shallows the water approaches 
saturation. 

Table 

(Approx. Biean salinity and temperature figures derived from Picotti (1935 
, ^d,, 1936).) . _ 



If. Aariatic. 

Inner Lagoon. 

.Salinity: 



Mean ann. max. . 

38perthOus.(o/nft) 

32p©rthous.(<’/ftn) 

" Mean ann. min. . 

37 ,, „ 

24 ,, „ 

Range . 

1 

s „ 

T^peraiure : 



Me^ ann. max. . 

22° C. 

26“ C. 

Mean ann. min. . 

10° C. 

6“C. 

Rang© . . . , 

12° c.. 

20“ C. 




PLATE I 



Fig. 3. —Main channel from the open lagoon skirting a valle (on right) to connect 
with another valle further inland. Note low-water level in valle (August) in 
preparation for the September fishing operations. View from the roof of a 
Oasone di Valle. Sailing barge in middle distance. 



4 .— Paschiere. Deep channels protected by Tamarix gallica in which the fish 
spend the winter in relatively warm water. Maize grown by irrigation between 
the Tamarix hedges. 









PLATE II 



Pia.. 6.—^View of valle from housetop. 

From horizon hackTyards: 

(а) Main lagoon. ^ (d) Mudflats and exposed Salicomia beds.. 

(б) Outer dyke {argino) of mlU with main sluice (e) Vegetation surrounding the peschiere. 

and traps between the two houses. (/) Salt water channel. 

(c) The vaUe with water level low (August). Q) Artesian well (fresh water). 
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The problem of fresh water for the inhabitants of the promon¬ 
tories and islands has been solved by drawing from both surface 
and underground sources. The channels supplying the valli with 
fresh water, mentioned above, also serve to irrigate crops on the 
mainland and on the spits which project into the Lagoon on which 
the custodians and employees of the valli live. Some of the larger 
inhabited islands, including Venice itself, are supplied with water 
piped from the mainland- But much of the fresh water for agri¬ 
cultural and domestic purposes both in and around the Lagoon is 
obtained from artesian borings. The fresh is thus brought up from 
below the salt water of the Lagoon, and maize and vegetables are 
growm in a foot or two of soil above a salty substratum (Figs. 4 and 5) , 
This artesian water is peculiar in containing a high concentration 
of methane derived from the older underlying alluvial beds which, 
like those at present being deposited on the floor of the Lagoon, are 
rich in organic matter. In the Padua-Vicenza region the methane 
is actually extracted on a commercial scale for heating and for 
use as a motor fuel. Towards the close of the campaign last year 
on the Veneto coast the Germans were exploiting to the utmost this 
local source of motor; fuel. 

To few of the countless foreign visitors to Venice is the Lagoon 
more than a rather grim setting to the jewel wliich is Venice, and 
the approach to the causeway tlnough the industrial area of Mestre 
is likely to discourage further investigation of a coast which is in 
fact both interesting and beautiful. The colours which in mid¬ 
summer fringe some of the remoter regions of the lagoon—the red- 
browns and greens of the Salicornia beds, the vast purple sheets of 
sea lavender (Statice limonium), backed by a great expanse of plain 
relieved by the campanile of an island church and the red sail of a 
barge half hidden by a bank of reeds, and behind it all the Dolomites 
raising their grotesque limestone peaks above the distant haze— 
such is the landscape of the Veneto coast. 

Foite Oentxjbibs of Natural History 

Prom Padua to Venice is barely 25 miles. We are thus on the 
threshhold of the land which witnessed the renaissance of European 
science and medicine. Some great names are therefore to be 
expected in the long list of naturalists who have studied the Lagoon. 
An historical account has recently been published by Minio (1938). 
Owing no doubt to its inaccessibility, naturalists were slower to 
investigate the LagoOn than the mainland, and the study of the 
plant life was begun almost two centuries before serious attenrion 
was given to the animals. Among the botanists who laid the 
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foundations of the recorded flora during the sixteenth to early 
eighteenth centuries are Michiel (1510-76) who composed the 
earliest extant flora with about a thousand coloured illustrations, 
Matthioli (1600—77), Donati (1606—59), Zanniohelli (1662—1729) and 
Minheli (1679-1737). Goethe, who was in Venice in 1786, recorded 
observations on the animals and plants and actually was the first 
to suggest a connection between the succulence of halophytes and 
the saltiness of their environment (Italienische Eeise, Oct. 8, 1786). 

Symptpma,tic of the times was the publication in Venice for 
twelve years (1765-76) of a journal entitled Oiomale d’Italia spettante 
alle Scienze Naturali. This was edited by Grisellini- (1717-83) who 
was himself a good naturafist and made observations on the occur¬ 
rence and habits of marine animals. But the foundations of 
systematic zoological study were laid by Chiereghin (1745-1820) 
and Olivi (1769-95). Chiereghin was a priest who gave all lus 
spare time to natural histoiy. His Descrizioiii de’ Pesci, de’ 
Crostacei, e de’ Testacei che oMtano le Lagune e il Golfo Veneto in 
twelve volu m es with coloured illustrations was the first compre¬ 
hensive zoological work, but it was never published and is preserved 
in manuscript. Olivi of Chioggia was a remarkable genius who, 
owing to ill health, spent the penultimate five of his twenty-six 
years of life in retirement and philosophic meditation. He was 
a naturalkt at an early age and at fourteen he inspired a group of 
fishermen for three years to collect specimens and information on the 
habits of marine animals. His last five years were spent at Padua 
where he studied his material and developed his ideas with striking 
originality. His main woik Zoohgia Adriatioa, which was never 
finished, was both a fauna and a study of the biology of the animals 
mentioned. Before his death he proposed a scheme of work to the 
Societa Venetiana di Medicina entitled Tipografia zoohgica c fito- 
logica dell ’Estuario, some of which is quoted by Prof. Minio (Zoo. cit.). 
He proposed to investigate the organisms in relation to various 
types of habitat which differed in respect of certain factors, e.g. 
extent to which inundated by tides, depth and salinity of water, etc. 
He thus foretold the methods of the modern ecologist, but did not 
hire to pursue them. He is also regarded as one of the founders of 
Mbmetry: ^ ^ - . 

Renier (1769-1830), also from Chioggia, who succeeded Vallisnieri 
as professor at Padua, did much to increase the knowledge of the 
invertebrate; fauna of the Lagoon, and the greatest of eighteenth- 
centmyTtalian biologists, Spallanzani (1729^99), whose work on 
th^ bitflogy of the'eel was done on the Commacchio Lagoon south 
; of the Po, visited'Venice oh several occasions whfle Professor at 
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Pavia. At Chioggia he made some of his celebrated observations 
on the production of electricity by the Torpedo Ray. 

In the eighteenth century, Chioggia was the centre of biological 
studies. In the nineteenth it moved to Venice, and Contarini 
(1780-1849) and Nardo (1802-77) were the leading lights. Conta¬ 
rini, a country gentleman with estates on the mainland, was a keen 
sportsman and indefatigable walker, was intimate with most of 
the farmers and fishermen of the district and knew every inch of 
the countryside. He studied and wrote about Actinians, Insects, 
Arachnids and Birds and was the first notable ornithologist. He 
contributed sections on these groups to the monograph Venezia e le 
sue Lagune (1841), The section on the marine fauna was written 
by Nardo, whose most important original research was on Sponges 
and Coelenterates. But Nardo was a physician with very wide 
interests who contributed to other branches of zoology as well as 
to Algology, Anatomy, practical fishery problems and to biblio¬ 
graphical studies of the works of previous naturalists. His house 
was the meeting-place of the biologists of the time. 

Another important figure was the cultured German von Martens 
(1788-1872), born and brought up at Mira on the Brenta and a 
friend of Contarini. His Reise nach Venedig (1824) was the first 
general physical and biological account of the region. Of the many 
other naturalists interested in the Lagoon during the nineteenth 
century , mention should be made of Zanardini (1804-^73), algologist, 
who wrote the botanical section to Venezia e le sm Lagune^ and 
Ninni (1837-92) who studied birds and fish as well as practical 
fishery problems and collaborated with Saccardc, a mycologist, in 
a contribution to the monograph La Provincia di Venezia (1880). 

Regent Ecological Wobk. 

In recent times biologists have worked largely on ecological 
problems, such as the distribution of species with reference to en- 
viromnental factors. The magnificently produced monograph La 
Laguna di Venezia, now in course of publication, edited by Brunelli, 
Miliani and Orsi, so far includes volinnes on the History, Meteorology, 
Botany and Eisheries. The zoological sections are in course of 
preparation; : ; , 

A general idea of modern ecological problems can be got fidom 
Brunelh (1923, 1934) : and D’Aneona (1941). The biok^ieaUy 
significant features of the Lagoon are (1) its shallowmess, (2) the 
muddy bottom, (3) the fluctuating temperature and salinity (^ 
above), and (4) the high orgarne content rof water and 
last is in part due to the unstable conditions and the cons^ 
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TiigTi death rate among most of the organisms coming from the sea, 
in part to the intensive cultivation of the islands and surrounding 
land as well as to the very large population, including that of Venice 
(c. 260,000), whose sewage is discharged into the Lagoon. The 
ecological situation is in fact determined in several ways by the 
works of man. Apart from the buildings, piles, sluice-gates, sea 
walls, etc., there would have been little opportunity for the estabUsh- 
ment of the barnacles {Balanidas), zoophytes, algae and other organ¬ 
isms which are attached in vast numbers to such structures all over 
the Lagoon and which present some interesting problems (Brian, 
1938; Rigo, 1942). The swarms of Ligia italica (Crustacea, Isopoda), 
which scurry like cockroaches into the crevices of the house fronts 
when disturbed by the splash of a passing gondola, are perhaps the 
only marine animals normally observed in a state of nature by the 
modern pilgrim to San Marco, and these owe their habitat to human 
agency. 

The fauna of the Lagoon is primarily marine, poor in species but 
rich in numbers as compared with the sea, and many species are 
only temporary visitors. D’Ancona (1941) suggests that the 
fluctuating conditions of temperature and salinity select those 
species which can stand such extremes, and for these it affords a 
very favourable environment. But for the preservation of new 
mutations and thus for the appearance of truly autocthonous 
elements in the fauna, a more stable environment is required. 
There is presumably another selection factor at work, namely the 
nature of the food supply. Shallow muddy water with an abundance 
of decaying organic matter is naturally populated by scavenging 
animals. Thus the bottom living Crustacea, e.g. crabs such as 
Cammus mcenas, Idotea, etc., gastropod molluscs and polyohaet 
worms are very abundant and account for the large numbers of 
migratory birds which feed on the Lagoon’s edge, especially during 
winter. 

Of the fifty-three known species of Polychssts, Nereis cultrifera 
k the most.abundant, but the most curious is Merceriella enigmatica 
(Serpulidfis). This is a tube-Hving form and was first noticed in 
1934 but is now abundant in many parts of the Lagoon. It was 
■ orig^lly discovered in a canal in northern France in 1924 and appears 
to be spreading, having since been recorded fsotOL brackish waters 
in Spain, North Africa^ Black Sea, India and T7.S.A. (Fauvel, 1938). 
' . Thb plunkton'is relatively poor except in the main channels of 
the UigurUt vi'Od where the organisms are continually being washed 
in By the tides (Issel, 1936), But, as might be expected, in shallow 
brackish water rich in nutrient, salts there is ample opportunity 
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for the growth of algae. The Lagoon is, in fact, an algologist’s 
paradise, and full advantage has been taken of the facilities for the 
study of systematics and ecology (see Schiffner & Vatova, 1938 ; 
Zanon, 1938 ; and Sighel, 1938). The number of recorded species 
and varieties are Ohlorophyceae, 59 ; Mixophycese, 5 ; Phaeophyceae, 
19; Rodophyceae, 90; and Diatomaceae, 498; which include 
several endemic species. Enteromorpha, Chsetomorpha and Poly- 
siphonia are among the commonest t 5 ^es and Oracilaria is collected 
for the production of agar. The mud just above water on the 
inner periphery of the Lagoon is often coated with Vaucheria to give 
a deep green in contrast to the red-brown of the Salicornia in the 
background. Prodigious numbers of diatoms are to be found 
amongst the submerged algae and in the extensive beds of sea grass 
{Zostera marina and nana) and Ruppia maritima. The less saline 
regions and channels in summer are often choked with Potomogeton 
pectinatus^ and the peripheral fresh-water channels with several 
other species of Potomogeton and Elodea canadensis,^ The sub¬ 
merged vegetation harbours an abundant fauna particularly of 
small Crustacea (Brian, 1939, for Amphipoda) and in the less saline 
regions insect larvae. An interesting comparative study of two 
contiguous regions of different salinity was made by Schreiber (1930). 

Malaria 

Ecological work on the lagoons of the Veneto coast has been 
stimulated by two important practical considerations—^the pre¬ 
vention of malaria and the maintenance and improvement of the 
fisheries. Malaria is and has always been the most serious problem 
of local hygiene, and the region is one of the most highly malarious 
in Europe.® But it is a striking fact that the area of intense malaria 
is a narrow coastal strip only a few kilometres wide, which stretches 
with few breaks from Ravenna to Trieste. This is satisfactorily 
explained as being determined by the distribution of the particular 
mosquito which is responsible for transmission (Sepulcri, 1936). 
Northern Italy harbours several species and varieties of^nopheline 
mosquito, but only one, Anopheles sacharovi,^ owing to its partiality 

^ Por a good account of the systematics and ecology of the flowering 
plants, see IlSeguinot (1941). 

® Benign tertian malaria (due to Fldsmodium mvax) predominates, but 
the more serious malignant tertian (P. falciparum) appears in the second half 
of the summer and ih some places accounts for more than 30 per cent, of 
the cases (Missiroli, 1933). 

® Previously regarded as the variety elutm of Anopheles mmiMpennis, 
The five European varieties otmaculipennis, all of which are found in Italy* 
are distinguished only on the patterning of the eggSi Var. {A. 
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for human blood, is a serious vector of malaria, as it is also in south¬ 
eastern Europe and the. Middle East. It is necessary therefore to 
study the factors determining the distribution of this mosquito. 
The apparent association of intense malaria in Italy with the 
proximity of coastal salt marahes has long been recognised, and 
recent surveys on the Veneto coast {e.g. Oorradetti, 1937) have 
shown that A. mcharovi is never found in any numbers far from 
brackish water. It is also known that it will breed in brackish 
water and that the larvae survive and develop in water containing 
l-7~2-0 per cent, salts or approximately half the salinity of sea 
water. But, since sacharovi cannot be recognised as the larva and 
must therefore be reared to the adult, thorough surveys of the 
breeding-places have not yet been made. It seems, however, that a 
simple solution to the problem in terms of salinity is not likely. In 
the Middle East there are some highly malarious inland areas where 
A. sacharovi is the vector and is breeding in purely fresh water. 
And a survey which we made last summer (1945) on the Veneto coast 
showed that it was breeding as much in fresh as in brackish water. 
But the fact remains that these fresh-water breeding-places were 
close to the salt marshes, though chloride estimations showed that 
there was no actual contamination with sea water. Whatever the 
nature of the conditions which favour the breeding and development 
of this mosquito, they are certainly in some way associated in 
Italy with salt marshes. But it is not essential that the breeding- 
places themselves should be brackish, and water more saline than 
about. 60 per eent. sea water is definitely toxic to the larvae. The 
ideal conditions, which may also be associated with climatic factors, 
are found around the inner periphery of these coastal lagoons, and 
with a h%h summer temperature and a dense agricultural population 
the stage is set for intense malaria. 

A difficulty for investigation arises from the sdareity of breeding- 
places whioh was also noted by Oorradetti (1937). The introduction 
of the larvivorous fish Qamlmsia holbrooki has been so successful that 
larvae are rarely found in theJcanals and interconnected channels. 
We ffiund them only in isolated pools and ditches which were for 
some reason cut off from the main ohaimel system and thus in¬ 
accessible to the Chmibusia. But the high concentration, of A. 

wMoh could be produced from scanty and scattered 

moTimrwi) is,, hcwcver^ xecognisable as .the .adult. Var.. Idtrran^iae is a 
seri&Tis vector in. southern Italy and French North Africa:. Var. atroparvm 
j,B .mahdy.. respgnable for the amount of malaria now remaining in 

northern Europe and was probably the chief transmitter of northern European 
.“ague.”.>in-the-'past.. -, ^ 
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breeding-placea was very striking and has its moral for the control 
of malaria. Destruction of larvae must be very thorough to be at 
all effective. 

The government scheme for the investigation and control of 
malaria on the Veneto coast is centred on the Istituto Antimalarico 
in Venice. It comprises a network of outstations concerned with 
the collection of statistics on the prevalence and distribution of the 
disease and of the anopheline mosquitoes, with treatment and 
prophylaxis and with mosquito control. By these means the 
situation had steadily improved up to the beginning of the war and 
certain areas had been entirely freed from malaria. But during the 
last two years of the war the organisation quite naturally began to 
break down, mainly through lack of materials and transport, and 
to the flooding of reclaimed coastal land by the German army in 
anticipation of allied landings from the sea. As a consequence 
there was a considerable increase in malaria in the summer of 1944. 

It was fortunate that the allied armies arrived in the Po vaUey 
and Veneto plain and that the war ended in the spring of 1945, more 
than two months before the beginning of the malaria season. 
Malaria, rather than military necessity,” was now the major 
factor in deciding the detailed location of the occupying troops. 
Another favourable circumstance was the unusually dry summer^ 
favourable unfortunately in this one respect only that the anopheline 
breeding-places were thereby reduced, and the civilian Jtnalaria 
figures were consequently far lower than had been expected in view 
of the breakdown in the antimalaria organisation. ‘ 

As far as can be seen at the moment the modern development of 
insecticides, such as D.D.T., will in the future throw the emphasis 
primarily upon the destruction of the adult mosquito as the main 
means of combating malaria in southern Europe and the Middle 
East. During the winter the vector species hibernate as the adult 
in well-defined resting-places (stables, etc.) and can thus be attacked 
en inasse. To what extent the study of the breeding habits of these, 
mosquitoes will thus be rendered academic ” remains to b© seen. 

The Fisheries . 

There is no indication, however, that the practibal problems 
connected with the Lagoon fisheries are in any danger of su«Men 
solution by some dramatic technical development. The biolc^ical 
ramifications and the. stiQ unopened fields for investigaiim are 
numerous and of great interest. The physico-chemical wxi^tiom{ 
in the water and mud in relation to olimatio and tidal phenomeTO,! 
the biology of the plankton, of the aJgas and of thb bottom liviag 

rt' - 
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invertebrates—^these are subjects already briefly indicated which 
are basic to the study of the productivity of the Lagoon, and in 
several directions research on modern lines has yet ,to be begun. 

It should be emphasized that the Adriatic lagoon flsheries are 
very extensive and of considerable importance. They extend 
along some 200 km. of coast from the lagoon of Commacchio (noted 
for the classical work of Spallanzani and Bellini on the life history 
of the eel) to Grado, about 30 km. short of Trieste. The total area 
of the vallioT “ cultivated ” water exceeds 100,000 hectares (247,000 
acres). It has been estimated that the average yield of fish from 
all the lagoons is approximately 60-100 kg. per hectare per annum 
or 56-90 lb. per acre of wate| surface (Bullo, quoted by D’Ancona, 
1938). The average annual eel catch in the lagoon of Commacchio 
between 1899 and 1905 was about 600,000 kg. (approx. 600 tons) 
which represented about 80 per cent, of the total fish caught (Henldng 
ei al., 1908). The productivity of the Venetian Lagoon is now 
estimated at approximately 1,600,000 kg. of fish per annum (1500 
tons). In normal times the fish are transported fresh and preserved 
all over Italy as weU as being sent to other parts of Europe. 

To a greater extent than the rest of the fauna, the fish reflect 
the unfavourable nature of the Lagoon for permanent colonisation, 
except by a few species which are particularly adaptable (D’Ancona, 
1938). About 85 species in all have been recorded, but 10 of these, 
including the tunny, the shark Carcharinus miJberli and the sunfish 
Moh, mola are rare and accidental immigrants. About 16 species 
including the Anchovy {EngrauUs encrasicolus) and the mackerel 
{Scomber scomber) enter the Lagoon during the summer months in 
search of food at a time when the salinity is approaching that of the 
sea (see Table), and depart at the approach of the rains and the colder 
auturto weather. 

More than 20 species remain longer, some spending several years, 
during which they feed and mature, and return to the sea only for 
breeding. Amongst these are the species which are fished com¬ 
mercially, the chief of which are the eel {Anguilla anguiUa), the 
grey mullets {Mugil cephakis, capito, auratus, saliens and chelo) and 
the “ Orada ” {Spams av/r&tfus). ' The smelts {Atherina mochon and 
andi the ham {Morone labrax) are also fished. 

•The following only can be considered as truly autocthonous, 
Le. they brsepd in the Lagoon—-2 species of goby {Gobius jozo and 
ojpAiocepfcri'jis), the sea horse {Hippocampus guUulatus), 2 species of 
pipe fish axid abaster) and in the periphery of the 

Lagoon the Siieldebat {GcisUrosfew acuUaius) and CyprinocUm 
a, wefidshown iCoastsd and , inland brackish water fish in 



THE VENETIAN LAGOON 


747 


southern Europe and Africa. The few fresh-water fish found at the 
edge of the Lagoon, such as the pike {Esox Indus) and the tench 
(Tinea tinea) ^ are accidental immigrants during floodtimes and are 
not found in the more saline regions. 

The Lagoon is thus a temporary but rich feeding-ground for 
Adriatic fish similar to the Sea of Azow and its associated lagoons 
(Limans) for the fish of the Black Sea, and to the Zuider Zee (before 
its enclosure) for those of the North Sea. 

The method used for the large-scale rearing and trapping of 
fish is known as Vallieoltura, and is of very ancient origin, the first 
records dating from the eleventh century. During the nineteenth 
century a study of the technique was made by Coste (Voyage 
d"Exploration sur le littoral de la Franee et de Vltalie, Paris, 1861). 
There is much variation in detail but the basic principle is as follows. 
A portion of the Lagoon, usually several square Idlometres in area, is 
enclosed by banks (argini) or stakes (arelle) but can be opened to the 
main lagoon through sluice gates (ehiaviehe) and to the inland fresh¬ 
water canal system (acquadore dolce). A piece of water so enclosed 
is known as a Valle da Pesca and the type which is enclosed by 
banks (valle arginata) is shown in Fig. 2. The average valle is tended 
by 4-6 men under a foreman, who live on the spot in houses built 
on the banks or spits of land projecting into the Lagoon. There is 
often also a house for the owner or manager (padrone) which is 
mainly occupied during the winter shooting season.^ 

In March the sluices are opened so that fresh water flows in and 
water of low salinity passes out into the Lagoon. This attracts the 
fish, which enter the valle through one-way valves, and enormous 
numbers of young eels and mullet will come in during the month. 
During April and May the gates are so operated with the tides as to 
collect as much sea water as possible in the valle. Through June, 
July and part of August the valle is closed but the salinity may, 
owing to evaporation, rise to a dangerous level, when it is necessary 
to control it by periodic inundation from the acquadore dolce, which 
operation is known as summer irrigation (irrigazione estiva). To¬ 
wards the end of August, however, this must stop in order to lower 
the level in preparation for the September fishing operations. In 
mid-September on a high inflowing tide the main sluice gate is 
opened, and the copious inflow of sea water stimulates the outward 
migration of the mature fish which are caught in elaborate traps 

^ The game, chiefly duck, ai^ a considerable economic asset. About 
400,000 lire’s worth per annum was killed in this region before the wax. 
Wooden painted models, as well as tame ducks tied by the leg, are used as 
decoys. 
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constructed in the exit channel. This process is repeated on all 
high tides until the end of December. The biggest catches are 
made on the highest tides between full and new moon, especially 
in stormy weather. 

In mid-winter the temperatures in such shaEow water are 
dangerously low, and to protect the immature fish, many of which 
spend several years in the valle, a system of especiaUy deep channels 
is provided {peschiere, Figs. 2 and 4) which are protected from the 
cold winds by dense vegetation such as tamarisk {Tamarix gallica), 
which will grow in a salty soil. On the approach of the cold weather 
the fish are attracted into the peschiere through valves by irrigation 
with fresh water from the acquadore dolce. 

Advantage is thus taken, in an interesting manner, of the be¬ 
haviour reactions of the fish to salinity changes and water currents 
relative to the degree of sexual development, the external factors 
being so regulated as to conduct the fish to their feeding grounds 
and away into the traps at the appropriate times. Very Ettle is 
as yet known either of the relative importance of the external 
stimuE, of the sensory-motor mechanisms through which the fish 
reacts, or of the nature of the internal control associated with sexual 
development. It appears from the evidence that the outward 
mi g ration is occasionaEy fi;om water of high saEnity in the valle 
(due to summer evaporation) into inflowing sea water which is 
actuaUy of lower salinity (Henking et ah, 1908), and in this respect 
the situation is the reverse of that under normal estuarine conditions. 
But water currents are probably the most important factor directing 
seaward migration. The Adriatic Valli da Pesca would seem to 
offer admirable facilities for the study of the factors involved in 
the migrations of these fish and especiaUy of the eel. 

Venice has recently founded an Institute for Fisheries Research, 
the Osservatorio di Pesca di Venezia. AU data relative to the 
fauna and flora of the Lagoon can be obtained from the Museo di 
Storia Naturale di Venezia (Director, Prof. M. Minio) where some 
historic collections, including those of Olivi and Nardo, are to be 
seen. A few years ago the University of Padua buUt a smaE but 
weU-appointed laboratory at Chioggia (directed by the Professor 
of Zoology, Prof. U. D’Ancona) specificaEy for the study of lagoon 
biology. Visits from foreign scientists to these institution? are 
welcomed and it'is to be hoped that British biologists who are 
interested in the ecology and physiology of brackish water or^nisms 
and in the attractive problems associated with the prance of 
vallicoltura-ma,y he able to take advantage of this oppprtujQityi ' 
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RECENT ADVANCES IN SCIENCE 

ASTRONOMY. By A. Hunter, Ph.D., F.R.A.S., Royal Observatory, 

Greenwich. 

Until quite recently, astronomers had little in common with radio 
engineers. To be sure, the technique of the electronics laboratory 
was useful to astrophysicists who were developing methods of 
measuring solar and stellar radiation by photoelectric and thermo¬ 
electric means, but this was of secondary concern : the design of 
high-gain D.C. amplifiers, for example, could hardly be said to be 
a matter which struck deep into astronomical research. But since 
the development for war-time uses of ultra-short-wave radio tech¬ 
nique, the field of radio physics has begun to overlap that of 
astronomy. Recent work has shown that extra-terrestrial sources 
exist which radiate electromagnetic waves in the range 1 cm. to 
30 m. These sources are our own sun and some unknown emitter 
in the Milky Way, and it will be convenient to consider them 
separately and in that order. 

The observable solar spectrum as the astronomer has hitherto 
understood it extends from about 3000 A. to 240,000 A. The 
short-wave limit is set by the absorption of solar radiation in the 
Earth’s atmosphere by ozone and eventually by oxygen. The 
long-wave limit quoted, attained by Adel at the Lowell Observa¬ 
tory in 1941, represents the extreme to which the infra-red solar 
work has yet been pushed, though it may well be extended in the 
future. Between these limits, when allowance is made for absorp¬ 
tion both in the sun’s atmosphere (Fraunhofer lines) and in the 
Earth’s (telluric bands) it is roughly true to say that the spectrum 
of the sun does not greatly diverge from that of a black body. 
There are astronomical reasons for believing that this circumstance 
is fortuitous, and the black-body distribution may not hold for 
very niuch hotter or very much cooler stars; but this need hot 
concern us here. Now the importance of the conception of a black 
body is, at least to some extent, that the distribution of radiation 
in its spectrum is amenable to mathenaatical treatment, and it would 
not be unfair to say that astronomers, though they may in their 
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own approximations use the concept) are agreeably surprised if any 
of the celestial objects that they observe turn out to be black or 
even “ grey ” bodies (i.e. bodies emitting some fraction, constant 
with wave-lehgth, of black-body radiation). At any rate they do 
not assume beforehand that the sun would radiate as a black body 
throughout its spectium. In particular, the Planck curve, con¬ 
ceived for a range of frequencies which covers the visible and infra¬ 
red spectfhm, would not necessarily be expected to hold well away 
from these regions. That it nevertheless does so in the centimetric 
waves and even beyond is a recent and father surprising discovery 
(Southworth, J. Franklin Inst., 239, 285, 1945). 

The apparatus used in this work consisted of a double-detection 
radio receiver designed to work at any of three wave-lengths be¬ 
tween land 10 cm., using an antenna at the focus of a parabolic 
mirror.' The whole array is mounted in altazimuth fashion and is 
of fairly high directivity. Standard methods of calibration allow 
thte: “ noise ” power i rec^ved to. be measured in terms of second 
detector plate current. The acceptance band was about a mega¬ 
cycle wide at all three wave-lengths. At a wave-length of 10 cm., 
Oontinuous radiation from the sun of constant intensity less than 
three times ^ that given by the Rayleigh-Jeans formula {i.e. with thp 
Icmg-wave end of a Planck curve) for an object of the sun’s size 
at 6000° Ki is observed throughout the hours of daylight. There 
is no diurnal variation such as would be expected near sunrise and 
sunset if the Earth’s atmosphere absorbed radiation of tliis wave¬ 
length ; the only variation observed corresponds with the geo¬ 
metrical ocoultation of the sun’s disk at the instant of sunrise or 
sunset. At 3 cm. the intensity found is rather more than twice ^ 
the black;rbody value, agaiir 'with no marked diurnal variation. 
At 1| cm. the-intensity has dropped to 30 per cent. ^ of the Planck 
value,I and the radiation is actually lees than at 3 cm., though 
the thwretioal curve, of course, rises steadily towards optical 
wave-lengths. At the shortest wave-length there is evidence of 
jprolongation over an hour or so of the, sunrise and sunset effectSj 
as if the absorption coefficient of the atmosphere were becoming 
appreciable in this region. 

The direction of maximum intensity is always the general direcr^ 
tidh of ihe sun within a degree or so, but there are rapid variations 
in the angle of signal arrival which suggest that the radio image 
of the sun saffims ijbcm, a shimmering, akin to the optical “ boiling ” 
fomiliar to solar dbservecs but very much more pronounced. It 

' ■ differ from ffio^ dedu^ibie lrcca Southwortli’s fig. % iii 

Which thePlanck curve is clrawn too;,high'by a factor, of uearly 3.,: , , 
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will be realised, of course, that the directional pattern, on which 
depends the resolving power of the radio telescope, varies with 
wave-length : at the shortest wave-length the aperture angle of 
the receiver is a little larger than that of the sun, but at the inter¬ 
mediate wave-length it is three times, and at the long wave-length 
eight times, the sun's angular diameter. The pattern obtained by 
letting a local point source of radio waves drift across the mirror 
aperture is much narrower than that obtained by allowing the sun 
to do so, especially at the shortest wave-length : some of this is 
doubtless due to the fact that the sun is a disk and not a point 
source, but the broadening is too great to be explained by this 
alone. Here again it is suggested that the angle of arrival varies 
rapidly over a considerable range by refraction anomalies, or that 
scattering in the Earth's atmosphere causes aia apparent increase 
in the sun’s angular diameter. In this latter case, some of the 
discrepancy between the calculated and observed intensities might 
be reihoved : the calculations should be carried out using the 
effective diameter of the sun, not assuming it to be a point source. 

So far we have been considering observations in the wave-length 
range 1-10 cm. Reber {Astrophysiml Journal, 100 , 279, 1944) has 
reported some interesting work at 187 cm., at which wave-length 
he finds that the power radiated is about 27 per cent, more than 
the black-body value. In earlier work Jansky had failed to detect 
appreciable solar radiation at 1460 cm. So far, too, we have been 
concerned with the sun’s normal output of radiation ; it may 
appropriately be recalled here that the last minimum of solar 
activity was in early 1944, so that observations such as those of 
Reber and Southworth in 1943 and 1944 were conducted with an 
effectively i undisturbed sun. The lifting of war-time security re¬ 
strictions, ho wever^ has recently brought to light some interesting 
observations made when the sun was active—active, that is to say, 
in the visible and ultraviolet regions of the spectrum. Collation of 
various observations ft*om amateur radio enthusiasts from 1936 
onwards leads Appleton to the conclusion {Ncdure, 156 , 534, 1945) 
that short-wave electromagnetic radiation of abnormally high inten¬ 
sity may be emitted from active areas on the sun immediately 
before the occurrence of a solar flare. The radiation appears as 
a hissing noise in the speakers of ordinary short-wave recovers 
tuned to the wave-length range :7|—30 m. Since on blacfc-bbdy 
theory the flux of solar energy at the Earth's surface is propor¬ 
tional to and since for aerials consisting of tuned ihaKwave 
dipoles the power absorbed is proportional to the solar 
should be independent of wave-length. It cad be sho^ro th^ 
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black-body power received is in fact only about 10"“* of the receiver 
“ resistance noise ” associated with the temperature of the Earth’s 
surface. In the ordinary way it is therefore quite undetectable 
with conventional receivers, and the only reason that it has ever 
been detected is that directive aerial arrays of high power-gain 
(10* or more) have been employed. Such aerials, which use para¬ 
bolic mirrors, though manageable enough at oentimetric wave¬ 
lengths, become prohibitively large for the wave-lengths used in 
long-distance radio work. This means that unless the sun emits 
considerably more radiation in the frequency band accepted than 
a black body of the same size at 6000° K. would, there is no chance 
of detecting it with the conventional telecommunications receiver. 
That it has been so detected on occasion by amateurs must mean 
that on these occasions the active area of the sun was emitting at 
over 10* times the rate of the whole disk considered as a black 
body at 6000° K. 

Some isolated observations in the range 4-6 m. (Hey, Nature, 
157, 47j 1946) confinh similar enormous enhancement of ordinary 
solar radiation at rather shorter wave-lengths than those discussed 
by Appleton. The observations were made on standard A.A. fire 
control radar equipment (of pre-ihagnetron vintage) operated by 
Army personnel in the ordinary course of their war-time duties, 
and the phenomenon is reported as “ strong directional radiations 
similar in character to the random fluctuations of internal receiver 
noise (thermal and valve noise).” The astronomical interest of 
these observations lies in the precise time at which they were made. 
The radiation was first detected m the afternoon of February 26, 
1942, and went on practically continuously, though with some 
intensity variations, for the rest of the day ahd > throughout 
February 27 and 28 as well. It was apparent only between dawn 
and sunset, it extended over the whole wave-length range 4-6 m., 
it was observed by nine stations aU over Great Britain, and it 
emanated always from a point within a few degrees of the sm. 
There has been no recurrence since February 28, 1942. No precise 
measurements of the intensity were made, but its magnitude on 
the display cathode-ray tubes was several times normal noise level, 
which puts it at about 10“*’ watt/cm.* per Megacycle band, or 
about 10® times the calculated black-body value. The associated 
observations in the optical region of the solar spectrum are as 
follows. A large sunspot appeared round the east limb on Febru¬ 
ary 22, made its .centrail meridian passage on February 28, and 
was carried round the west^ limb by the solar rotation on March 7. 
I>uring its passage across the diA, solar flares were observed in the 



ASTRONOMY 


755 

red hydrogen line on February 27d. llh. (intensity 1), February 28d. 
2|h. (int. 2), February 28d. llh. (int. 3), February 28d. 12h. 
(int. 3) and March Id. lOjh. (int. 2). The biggest of these, that 
on February 28d. 12h., was of quite unusual duration, lasting 
31 hours as against the usual |-1 hour, and was accompanied by 
a short-wave radio fade-out lasting on some channels for 8 hours. 
Some 19-| hours later a great magnetic storm started. There seems 
little doubt that these geophysical phenomena were associated with 
the particular flare noted, but the radio noise reported from Army 
sources began about 45 hours before and was, indeed, the earliest 
of the terrestrial phenomena observed. It is therefore unlikely that 
the connection between flare and radio noise is as directly causal 
as that between flare and fade-out, or between flare and magnetic 
storm. 

Further general confirmation that disturbed areas of the sun’s 
disk are associated with abnormal radio emission is given by Pawsey, 
Payne-Scott and McCready {Nature, 157, 158, 1946), who observed 
that the sun emitted during October 1945 at a wave-length of 1-5 m. 
a considerable amount of “ fluctuation noise.” The mean daily 
intensity varied throughout the month in a way which was fairly 
closely parallel to the variation in the area of the solar disk covered 
by visible sunspots, the peaks of radio intensity coinciding with the 
central meridian passage of large spot-groups. ‘ On October 4-5, 
when two large groups occupying 30G0-millionths of the visible disk 
were. crossing the central meridian, the radiation at 1*5 m. was 
about 2300 times the black-body value. At 50 cm. no effect could 
be obtained, indicating an intensity less than eight times the black- 
body value; whilst at 25 cm. a small effect was observed corre¬ 
sponding to the black'body value. Evidently the radiation from 
the disturbed sun has some of the characteristics of a line spectrum, 
its intensity varying enoimously with wave-length. 

In the coming period of solar activity, which should reach its 
peak in 1948, it may be that radio observations will provide warn¬ 
ing of the likely appearance of flares and their associated terrestrial 
effects—^warning wMch will be welcomed alike by astronomers and 
by radio engineers. It may even be that improvements in the 
resolving power of the radio equipment may enable radio tele¬ 
scopes ” using large mirrors and short wave-lengths to distinguish 
between various parts of the solar'^disk and thus to locate with 
some certainty (and independently of cloud) the regions responsible 
for the emission of this abnormally intense radiation: o 

So much for the sun’s radio spectrum when active and inactive ; 
let us now turn to radio emission from the Milky 
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noise ” or “ cosmic static.” The pioneer observations here were 
made in 1931 by Jansky, who, observing at 14-6 m., established 
the source of maxinaum disturbance as fixed in space and roughly 
coincident with the centre of the Galaxy in Sagittarius. In farther 
work by Reber at 1-87 ra., Jansky’s rotating unidirectional antenna 
array was replaced by an aerial at the focus of a stationary para¬ 
bolic mirror 31 ft. across mounted in the meridian. The rotation 
of the Earth provides the necessary motion in right ascension, the 
roirror sweeping across a declination band pre-selected by the 
obswver, who adjusts the tilt 6f the mirror before observations 
are begun. The intensity of the radiation is recorded automatically 
against right ascension on a chart, and when enough charts at 
different declinations have been obtained, the results may be 
entered on a celestial map and lines of equal intensity plotted. 
Ileber’s results (Astrophysical Journal, 100, 279, 1944) show these 
iso-lines neatly outlining the Milky Way, with a primary maximum 
in Sagittarius and secondary maxima in Gygnus, Cassiopeia, Canis 
Major and Puppis. The lowest minimum is in Perseus. The thresh¬ 
old sensitivity of the arrangement is about 0-26 x 10“*^ watt/cm.® 
per Megacycle band arriving from a square degree, an intensity which 
is reached within ± 30® of the galactic-equator at most points along 
the Milky Way, Elsewhere in the sky no radiation is detectable. 
The greatest intensity in Sagittarius is 14 x 10~®® watt/cm.* per 
square degree per Megacycle band. The angular discrimination in 
Jansky’s work was relatively poor (he gives the location of the 
centre of maximum disturbance to “± 30 min. in right ascension 
and i ± 30° in declination), but Reber’s apparatus has a resolving 
power of 8° in the plane of the electric vector and 6° in the plane 
of the magnetic vectbr. No doubt the detection of the subsidiary 
peaks ,is a result rather of this improved resolution than- directly 
of the shorter wave-length. The resolving power is, of course, 
inextricably bound up with wave-length, and an important prac- 
tioal difficulty in this work is that at shbrt wave-len^hs (say 1 m.) 
where r^olution is intrinsically easyi the power received is small 
Compared with receiver noise, unless an unwieldy aerial system is 
used, whereas at longer Wave-lengths (say 19 m.) where the power 
received ini^t be expected to rise, the beam width is too great 
for satdsfetotoiy acuity. • 

; A compromise between th&e two f4otors is made by Hey, Par¬ 
sons and Phillips (Nflafarei, 157, ‘296, 1949), who use a Yagi aerial 
system giving at 4^7 m. a half-power-beam; width of ± 6° in alti¬ 
tude and ± 15° in arimuth. The shape of the polar diagram was 
-establfehed by using a small oacillatGo? attached to a balloon. ^Ebe 



ASTRONOMY 


757 


equipment is used directed at a fixed altitude of 12° and rotated 
through 360® of azimuth at each half-hour during the observations. 
The intensity of cosmic noise is thus obtained along a series of 
intersecting small circles on the celestial sphere. By working back¬ 
wards from the known polar diagram it is possible to deduce true 
distributions along these circles which would, when integrated over 
the whole beam accepted by the antenna array, fit the observed 
intensity at the receiver. From the resulting lattice of true inten¬ 
sities, contours ca;n then be drawn for the derived distribution of 
cosmic noise. Once again the distribution is roughly symmetrical 
about the galactic equator (though in, the Scutum-Aquila-Cygnus 
region there is a puzzling divergence of the observed line of maxi^ 
mum some degrees to the south which may be real, since Reber 
also observed it, though to a less extent), the intensity dropping 
to half value within (very roughly) dr 20® of the galactic equator. 
The main source is in Scorpius and Sagittarius, corresponding 
closely to the direction of the galactic centre, whilst a secondary 
peak only f as jugh occurs in Cygnus close to the cme found by 
Reber. . The Sagittarius maximum reaches 4 x watt/cm.^ 

per Megacycle per square degree, as compared with Reber’s 
14 X at a wave-lfength f as long. < 

The variation of intensity with galactic longitude is so marked 
and is likely to be so important for investigating the origin of this 
electromagnetic radiation that it might perhaps be worth while to 
improve the geometry of the observational method. In the British 
work, for example, partly no doubt as an inheritance of war-time 
technique, where the fundamental plane of reference was that of 
the horizon, the intensity contours are obtained by a rather round¬ 
about process from observations with apparatus mounted in altazi¬ 
muth fashion. But the astronomically important plane is, of course, 
that of the Galaxy itself, ahd the logical Way to mount the telescope 
is as an undriven galactic equatorial with a polar ’’ axis pointing 
to the north galactic pole and a ‘‘latitude’' axis at right angles 
to this. Allowance for the diurnal motion of the north galactic 
pole could be made by making the polar axis easily adjustable in 
altitude and azimuth, or, if prolonged observations are contem¬ 
plated, by mounting, it equatorially in the ordinary sense of the 
word; and driving at the celestial rate. Some such arrangement afe 
this would he of help if (as seems to be the case) the intensity variios 
with time. Certainly a great ma^y more observations, both dir^tly 
of the cosmic noise at various wave-rlengths and indirectly of associ¬ 
ated quantities such as attenuation in the atmosphere, are t^dod 
before we can gain a clear idea of the facts. i > ' 
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This need not deter tlie theorists, however—nor itideed has it. 
Whipple and Greenstein {Proc. Nat. Acad. Sci., 23, 177, 1937) first 
entered the field hy trying to explain the cosmic noise in terms of 
the, thermal emission from interstellar dust particles, for the exist¬ 
ence of which there is now very good evidence, and which are con¬ 
centrated closely to the Milky Way. Rejecting, with Jansky, the 
suggestion that the stars of the Milky Way can themselves be 
responsible eitheir directly or through the action of secondary 
radiation induced in the Earth’s atmosphere, Whipple and Green- 
stein calculate first of aU the temperature likely to be reached by 
interstellar dust. Making plausible assumptions as to the total 
luminosity of the central mass of the Galaxy and the total extinc¬ 
tion produced, by interstellar matter, they calculate that “ black ” 
dust wiU attain about i0° K. Redistributing, according to a black- 
body, curve for 10° K., that 15 per cent, of the stellar radiation 
which is absorbed and re-emitted, they show that the hypothesis 
fails by a factor , of 10® to accoxmt for the observed intensity at 
14-6 m. They then try to improve matters by allowing for a sort 
of galactic greenhouse effect. The interstellar material is relatively 
opaque to radiation in the optical region, where the stars radiate 
most strongly. The resulting increase in the energy density in the 
galactic nucleus should therefore raise the temperature of the inter¬ 
stellar particles and result inigreater emission of radio waves, to 
which ; the matter is transparent. But even so, the detailed dis¬ 
cussion shows that even in the.most favourable case, the black-body 
radiation theory fails by a factor of 10^. 

Henyey and Keenan (J.strop%s. J., 91, 626, 1940) follow Reber 
in. suggesting that the radiation is interstellar in source but originates 
not in temperatuxe . radiation from dust particles but in free-free 
transitions by electrons in the field of protons. The principal 
source of the particles is the ionising radiation of the hot stars, so 
the electron temperature, as distinct from the black-body tempera¬ 
ture, is of the order of 10,000° K. It is ptincipally as a result of 
this that the,calculations show good agreement with observation. 
Using a value of 1 cm.~® for the electron density (many lines of 
astronomical evidence confirm thstt this is the right order of magni¬ 
tude),; and assuming a Maxwellian distribution of velocities in the 
eleotron v^ i andi an optical depth computed on the assumption 
that, theomitting layer isvl6,000 parsecs thick, the total radiation 
from the ffpeit electrons in the Galaxy is found to follow a Planck 
curve for 1Q,000°^ K. from the longest waves to about 6 m. At this 
wave-length tiie laysgreearos to be opaque and the radiation falls 
off to smaller values (determined .essentially by bound-free tran- 
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sitions) in the optical region. The observations of Hey, Parsons 
and Phillips at 4-7 m. and of Reber at 1-87 m. agree weE with 
the theoretical curve, though the concentration of the radiation 
to the Milky Way is considerably less than would be expected for 
intersteUar matter. 

The connection between solar noise and cosmic noise is, of course, 
a matter of some interest. The existence of abnormally intense 
radiation from the sun at the wave-lengths at which radiation reaches 
us froni the MEky Way tempts one to conclude that the stars of 
the Galaxy rather than interstellar matter might be responsible 
for cosmic noise. It is a weE-estabEshed article of faith with 
astronomers that the sun is a pretty average star. If the Milky 
Way were composed entirely of solar-type stars its radiation at 
radio wave-lengths would bear the same relation to that of the sun, 
area for area, as does its optical radiation. Now in Sagittarius 
a square degree of the MEky Way is visuaEy equivalent to a star, 
of magnitude 1-9. The visual brightness of the sun is — 26'7, so 
that allowing for the fact that the sun’s area is rather less than 
J square degree, the Milky Way is 304 magnitudes fainter visuaEy 
than the sun, a light ratio of 14 x 10^®. If this ratio were to hold 
also in the radio range, cosmic noise from this source would be 
quite undetectable. However, it is observed: at Reber’s w§ive- 
length (1-87 m.) the ratio is in fact about unity. The discrepancy 
can be reduced if the stars radiated at aE times as the sum does 
when large spot-groups are passing across the disk.: but only by 
a factor of 10® (Hey, 5 m.) or 2 X 10® (Pawsey, Payne-Scott and 
McCready, 1-5 m.). And, of course, a constant emission at the 
maximum rate is not a likely supposition. A time-average would 
have to be taken; and for the sun we shaE not be in a position 
to do this until we have observations over the whole 11-year cycle 
at a series of wave-lengths. At the very best, theii, we are left 
with a discrepancy considerably greater than 10’. Nor can any 
reasonable amount of intersteUar absorption affectiug the MEky 
Way clouds at visual but not at radio wavedengths improve matters 
much. To save the hypothesis we should be forced to assume that 
the sun is not a typical star, but radiates in the radio range perhaps 
a million times less than the average Milky Way star. In these 
circumstances most astronomers would probably agree that until 
more is known about solar noise and cosmic noise we should do 
weE to consider them as different phenomena of distinct origitts. 
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PHYSICS. By P. A. ViOK, 0;B.E., Ph.D., F.Inst.P., Tho University, 
Manchester^, : 

MtrsiOAL Acoustics. —'“ Whenever there is a difference of opinion 
between a musician and a physicist concerning some point having 
to do, primarily, with the musical result obtained, the musician is, 
in &0 per cent, of the oases, right and the man of science wrong. 
However, matters do not usually end here, because the musician 
usually makes the mistake of giving the scientific reasons for what 
he says. Then everything he says is wrong, and the man of science 
has only to stand by and jump at him at the end of every sentence, 
feducing him to complete defeat, but leaving him unconvinced, 
nevertheless” (W. F. G. Swann, J.’Frank. Inst., 239, 1, 1945). 

The instruments 6f the orchestra were not invented by physicists 
but evolved in the hands of generations of practising musicians and 
craftsmen. (See, for example, the fascinating account by K. 
Gteiringer, Musical Instruments, 1943.) Similarly, the intervals of 
the major and minor Beales were not devised by mathematicians, 
in spite of the efforts of the followers of Pythagoras. Nevertheless, 
the behaviour of musical in^ruments and the qualities of the 
sounds produced by them singly and in combination have raised 
various problems and questions which have intrigued scientists for 
over three centuries. These are tackled just because they are 
interesting and their solution will advance the science of acoustics. 
In addition, however, the physicist may be of direct help to the 
musical instrument maker in, for example, the choice of materials, 
and the positioning of the ffnger holes on wind instruments (by 
analogy with efeotrieal transmission line theory). Becoming more 
bold, physicists interested in music (and some who are not ?) have 
recently been designing quite new instruments based, in most cases, 
on advances in electronic engineering. The subject of musical 
acoustics is thus very live in most countries. Summaries of progress 
have been published from time to time by E. G. Richardson in the 
Physical Society Reports on Progress in Physios. One of the 
problems which has excited most interest is the explanation of the 
eoEeSttehCe of the tone of Stradivarius and other Italian violins of 
the‘ p€ttiodv compared-with infitrumehts made before and since. 
The q^ui^tion has been stddied by phyMcists at Harvard for over 
ten years/and .a recent report summarises the work to date (E. A. 
Saundersi J. Aemst. 8m. Am&r., 17, 169, 1946).^ The University 
, was fcfftunatfe^ ^oTight to-have available seven Stradivarius violins, 
as well as other good Italian instruments.. These were compared 
with modem violins selected by Heifetz and other musicians from 
over a hundred submitted by vaarions makers, and a few “ cheap 
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and nasty ” instruments. Among the tests made were (a) frequency 
response curves obtained by several methods, the final one involving 
excitation of a phosphor bronze wire, taking the place of the G string, 
(b) the range of loudness, consistent with good tone (c) the least force 
between bow and string to make the instrument speak, (d) the 
damping (log. dec.) of the freely vibrating strings at various fre¬ 
quencies. No physical qualities were found in the celebrated old 
Italian violins which were not also present in the best new ones. 
Within the accuracies of measurement, it was concluded that any 
differences in tone quality between the old Italian instruments and 
the best new ones camiot be attributed to (1) the distribution of 
intensity among the partials of steady tones, (3) the mechanical 
ease with which the steady tones are produced, (3) the distribution 
of intensity with frequency over the range of the viohn, (4) the 
duration of tone after the excitation ceases. For all good instru¬ 
ments, the least force between bow and string to make it speak 
was in the region of 12 gm. wt., the log. dec. was about 0*1, and the 
range of loudness about 30 db. In agreement with previous obser¬ 
vations, it was found that for good tone the frequency response 
should be reasonably flat up to about 6000 cycles, and then fall off 
sharply. There was no Evidence of special formants. Some violas 
and cellos were also tested. In general, the main body ^resonance 
was foiind to be 17 ^ semitones above the lowest note for all 

good instruments, and the air resonance 6 semitones up for violins, 
9 for violas, and 7-8 for cellos, Tlie very careful work at Harvard 
has brought to light no reason why the best modern violins should 
not be as good as a Stradivarius. As Saunders and others have 
pointed out, however, the old Italian violins are not now in the same 
condition as when hew. For example, in order to withstand the 
greater string pressure consequent upon rise in standard pitch, 
heavier bass bars have been fitted. It has lakeady been shown 
that the varnish, so long as it is good, has no appreciable influence 
on violin tone, but the effect of ageing of the wood is unoertaint 
On the average, the new violins are 7 per cent, heavier than the old 
Italian ones. Quality of strings, position of bridge and soundpost, 
etc., influence tone quality and, of course, a poor violin may produce 
much more agreeable sounds in the hands of an artist like -Heifetif 
than a Stradivarius played by a mediocre- performer. The main 
problem still remains, however, since experienced violinists; ^ere 
able to identify the tone of old Italian instruments when play^ 
behind curtains by: the same artist and under the sam^ conditions, 
good modem violins. . 

Another instrument which has been examined in great detail in 

Si> 
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recent years is the piano, e-.g. in Germany, India (by Ghosh) and 
tJ.S.A. A very interesting recent paper is by 0. H. Schuck and 
E. W. Young {J. Acoust. Soc. Amer., 15, 1, 1943). They have 
studied in detail the dying away of the various partials of each of 
the strings of a concert grand piano. As is to be expected, the 
higher partials die away most rapidly, and the tone quality changes 
as the sound diminishes. Particularly in the tone produced by the 
longer strings, the amplitudes of the partials show large fluctuations 
of form suggesting half sine waves. The higher the partial, the 
more rapid the fluctuations. Such fluctuations may be due to 
rotation of the plane of vibration of the string and there may be 
transfer of energy from one mode of vibration to another. Reson¬ 
ances in the room may have some elFect, of course. The seventh 
partial was not found to be particularly weak, in contradiction to 
the usual view. The frequencies of the partials were not in a 
harmonic Aeries, but sharp, the inharmonicity in cents being pro¬ 
portional to the square of the number of the partial, as predicted by 
theory for stiff strings (Rayleigh, Theory of Sound). A cent is one- 
hundredth the interval (frequency ratio) of a semitone. The 
sharpening is least in the two octaves below middle C and increases 
rapidly above and below this region. The inharmonicity is less 
for long strings than for short. Long strings give a “ full round 
tone ” because the partials are more nearly in a harmonic series 
and the difference tones consequently more nearly the fundamental 
frequency. The fundamental may be weak or almost absent in bass 
strings. The inharmonicity has an effect on tuning pianos, since 
the tuner starts at the middle register and tunes the others with 
the aid of beats with upper partials. The tum'ng becomes pro¬ 
gressively sharp in the high register and flat in the low. 

There hhve appeared in the Journal of the AcousUe Society of 
America during the last few years a number of short papers giving 
results of experiments on brass and wood wind instruments. For 
example,'D. W. Martin (1942) studied the movement of the lips of a 
comet player by photographing them through a special mouthpiece 
of transparent plastic. Knauss and Yeager (1941) concluded that 
the vibrations of the metal of a comet contribute httle, if any, to 
the tone of the instrument: H.'W. Henderson (1942) studied the 
most efficient hp technique for producing good trumpet tone and 
found that, contrary to the statements in most textbooks, the upper 
lip vibrates as a tingle reed' against the lower Hp, which partly 
dinttols the vibration rate. R. W. Young (1946) records the de¬ 
pendence of the tuning of fifteen different wind instruments on 
't^perature. 
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In the patent literature, inventions of new electronic instruments 
occupy an increasingly prominent place, but it is probable that most 
of the instruments will not survive. Most interest has centred on 
electronic organs, owing to their relatively low cost, compactness, 
steadiness of tuning and inherent flexibility. While, as yet, even 
the best electronic organ cannot be said to be a complete substitute 
for a good pipe organ, sufficient progress has been made for the 
instruments to be acceptable to the musical ear when played with 
due regard for both the limitations and capabilities of the instrument. 
G. T. Winch and A. M. Midgiey {J.I.EM., 86, June 1940) have 
given a good account of the main types of electronic organ to that 
date. S. K. Lewer’s paper {Electronic Engineering^ 17, 149, 1944) 
is of interest to those who aspire to construct organs for themselves, 
since it illustrates some of the practical difficulties. 

So much for the study of instruments old and new. Is it not 
conceivable that the physicist might be able to help the performer 
and teacher of musical instruments by studying the mechanics 
of playing and tone production ? For instance, a good teacher can 
show by example the method of holding a violin bow which long 
experience has shown to be best. But if the pupil were able to 
understand how the forces he exerts on the bow through his arm, 
hand and fingers are communicated to the string, and why certain 
forces only are desirable, would he not avoid much loss of time and 
gain greater confidence ? Some useful suggestions of this kind 
are made by W. F. G. Swann in a lecture reprinted, in J. Frank. Inst., 
239, (1945). This branch of musical acoustics is in its infancy, but, 
combined with other studies of the type outlined above may do 
much to. prevent the disagreements between scientists and musicians 
mentioned in the quotation at the head of this article, especially if. 
acoustics is included in the subjects taught in Music Departments— 
as is already done in some Universities. 

Clerk Maxwell, in his Rede lecture for 1878, remarked oh 
'' . . . that untrodden wild between acoustics and music, that 
Serbonian bog where whole armies of scientific musicians and 
musical men of science have sunk without filling it up.” Some pro¬ 
gress has been made since that date in building safe roads across the 
bog, as .may be seen from papers cited in this aii:icle, and recent books, 
such as those by Alexander Wood, Sir James Jeans and L. S. Dlqyd. 

In a previous article (Sciekoe Peooeess, 33, 288, October 1938) 
some account was given of progress in the study of the acoustics 
of rooms. The whole subject has now been admirably reyiewed 
by P. M. Morse and R. H. Bolt {Bev. Mod. 16, 69rl50, April 

1944), in eight chapters and a comprehensive bibliography. . 
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PHYSICAL CHEMISTRY. By J. W. Smith, B.Sc., Ph.D., P.R.I.C., 

Battersea Polytechmc. 

Magnetic StrsoBEnBiLixY and MoLEOUtAE Steitotttee. —If two 
magnetic poles of strengths jWi and ma are separated by a distance r, 
the force F between them depends on the nature of the medium, 
and is expressed by the relationship F = mima/z^r, where //,, the 
magnetic analogue of dielectric constant, is known as the magnetic 
permeability of the medium. Its value is taken as unity for a 
yacuum ; it is very high for “ feiTomagnetic ” substances, slightly 
greater than unity for a “ paramagnetic ” substance, and slightly 
less than unity for a “ diamagnetic ” substance. Thus magnetic 
lines of force pass more readily through a paramagnetic substance, 
and less readily through a diamagnetic substance than they do 
through a vacuum. Therefore, when suspended in a uniform 
magnetic field, rods of paramagnetic and diamagnetic materials will 
tend to set themselves parallel to and at right angles to the lines of 
force, respectively, so that the latter can travel the maximum and 
minimum distances, respectively, through the material; further, 
in a non-homogeneous field in a vacuum or medium of permeability 
approximately unity, paramagnetic substances tend to be drawn 
into the more intense region of the field, whilst diamagnetic 
substances tend to be repelled from it. 

If a magnetic field of strength H gauss induces in a medium a 
magnetic moment I per unit volitme in the direction of the field, 
I is called the Intensity of Magnetisation. The total magnetic 
flux, then, in the medium is given by B = H + 4 jiI. But the 
ratib B/H = sirice for a vacuum 1 = 0 and B = H ; also the 
ratio lyH, the magnetic moment per unit volume in the direction of 
the field produced by a, field of 1 gauss, is known as the Volume 
Susceptibility k, hence 1 + 47r<c. For chemical purposes the 
magnetic susceptibilities per gram (x), per gram atom (x^j or per 
gram molecule (;^m) are generally used. These are related to /c 
by the expressions x — %k Ax/d, and = M/c/d, where A 
and M are the atomic and molecular weights, respectively, and d 
the density. The molecular susceptibility, Xm then, has the signi¬ 
ficance of being the magnetic moment in the direction of the field 
product in one gram-molecule of the substance by a field of 1 gauss. 
Evidently jc = 0 for a vacuum, so « and a^® positive for a; para- 
ma^etic substance and negative for a (fiamagnetio substance. 

In close analogy tp the case of the dielectric constant; these effects 
arise through the establishment Of an induced magnetic moment in 
the molecule itself, together with the .Orientation of any permanent 
magnetic dipole presertt m the mplecifiew Of possible contributory 
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factors, the spin qf the nucleus makes a very small contribution, 
which is negligible except at very low temperatures, and therefore 
magnetic properties are determined by the number and distribution 
of the extra-nuclear electrons. Diamagnetism arises through the 
interaction of the magnetic field with the completed electron groups 
of the atoms of the medium, whereby the orbital motion of the 
electrons is caused to process around the direction of the lines of 
force so as to give rise to a field opposed to tjie applied field. . Para- 
i^agnetism is attributable to the magnetic moment which each 
electron possesses through its orbital motion and spin. These 
moments cancel out for all completed sub-groups of electrons in the 
atom, that is, when it has in the same electronic shell two six p, 
ten dy or fourteen / electrons, where the letters s, p, d, / indicate 
the second or series quantum numbers of 0, 1, 2, and 3, respectively. 
Therefore paramagnetism occurs mainly in compounds containing 
an odd number of electrons or containing atoms with incomplete 
sub-groups, i.e. the transitional and rare-earth elements. 

Van Vleck has shown theoretically that in the case of molecules 
a small contribution (x^) due to resonance between the ground 
state and the higher energy states of the molecule must also be 
included. Therefore for the general case xm 
three factors, the induced diamagnetic contribution Xa^ which is 
negative, the paramagnetic contribution Xn^ permanent 

magnetic dipoles, which is positive, and the resonance contribution 
Xt^, which is again positive, i.e. xu = Xd + + Xr^ For most 

simple molecules with an even number of extra-nuclear electrons 
X^ = 0, and x-r l^ss than x,d’ substance is diamagnetic. In 

rare cases only, e.g^. potassium permanganate, xr is greater than xa 
and slight paramagnetism is observed which is invariant with 
temperature. 

For a diamagnetic substance the action of a magnetic field of 
H gauss causes the electrons to process around the direction of the 
lines of force TOth angular velocity eH/2mc, where e and m Bice the 
charge and mass of the electron and c the velocity of light. This 
produces a change in the magnetic moment of the system of 
— for each electron, where is the mean square 

radius of the electronic orbit as projected on a plane at right angles 
to the field. For an atom contaming electrons the resultahf 
momeht wfil be — {e^tl/4mc^)E whilst if it has spherical 

symmetry S fi® = §27 f*, where f ?is the mean square of the aotwai 

radius of the electronic orbit. Hence the moment of eaci inoleoule 
= — (e®H/6mc*)27f^ and since where N is 
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the Avogadro number, Xa= — (Ne^/6mc^),2J P. On substitution 

of the values of the universal constants, this gives 
= — 2-84: X e.m.u. 

Since f is of the order of Angstrom units, i.e. 10~® cm., it is evident 
that will be a multiple of 10“* e.m.u. For simplicity, in the 
figures quoted in this note, the diamagnetic susceptibility will be 
given with this power, and also the negative sign omitted, i.e. in 
terms of %a, where Xd= — Xd X ^ 

For monatomic molecules and ions with a rare gas structure, x„ 
and Xn ^ero, and Xd represents the total magnetic susceptibility 
of these substances. The above relation indicates that xa should 
be independent of temperature, and with certain exceptions this is 
generally observed. Also the value of f deduced from observed 
values of Xd should give a measure of the orbital radius. For 
helium Xd — leS'ding to f = 0'578 A, of’the same order as the 
atomic radius deduced from other data. 

The actual calculation of the diamagnetic susceptibility from first 
principles is by no means so simple or satisfactory, however. Inde¬ 
pendently van Vleck {Proc. Nat. Acad. Sci., 1926, 12, 662) and 
Pauling {Proc. Roy. Soc., 1927, A, 114, 181) deduced that for each 
electron r® can be expressed in terms of its principal and serial 
quantum numbers n and I &s •' 

>8 =aon^/(Z - 8y{5n~ - Bl{l + 1) - l}/2 

where Uo Is the radius of the electron orbit in the ground state of 
the hydrogen atom (0-528 A), Z the nuclear charge, and S the 
screening constant, i.e. (Z — S) is the effective nuclear charge. The 
uncertainty of this last term, which was estimated by Pauling for 
various electronic groups, is probably responsible for the poor 
agreement between the calculated and observed values of Xd> 
for the inert gases, which should present the simplest examples .of all. 

Other lines of approach have , been scarcely more, successful. 
Stoner (Proc. Leeds Phil. 86c., 1929) applied the space-charge distri- 
buiaoh method, but the susceptibilities calculated by means of the 
foimiula which he developed are,' like Pauling’s values, generally 
greater than the observed values. On the other hand. Slater (Phys. 
Rev., 1930, 36, 67), utilising the fact that the nodes in a , wave 
function are unimportant to calculate the wave functions, of atoms 
or ions, and taking as the radial part of the wave jfunction of one 
eleqtron in a symrnetrieal a^om ^ « f("* “ ?).e ~ ~ where 
«.* is the effective quantum number, deduced that , ■. 
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He gave rules for the evaluation of n* and S for any electron group, 
and therefore the value of and hence of could be calculated. 
The application of this method and a modification by Angus {Proo, 
Roy, Soc., 1932, A, 136, 569) in which the s and p electrons of the 
same quantum number are treated separately, give values in better 
accord with experiment than those of Pauling or Stoner. Finally, 
theoretical values of Xa h^ive been deduced from polarisability data, 
particularly by Brindley {Physical Rev., 1933, 43, 1030), the results 
being again in fair accord with observation. 

The following data show the extreme variations of the values 
reported for the experimental values of Xa^ together with the 
theoretical values deduced by various methods, for the case of the 
rare gases. 



He 

Ne 

A 

Kr 

Xe 

Exp. vals. 

1-88-1-95 

6-66-7-65 

18-1-19-7 

28-0-29-2 

42-4r-44*l 

Calc. vals. ; 






Pauling 

1-54 

6*7 

21-5 

42*0 

66-0 

Slater . . . 

1-68 

5-7 

18-9 

31*7 

48-0 

Angus - . 

1-68 

5-1 

16-96 

29-3 

44-S 

Brindley ... 

1*97 

6-1 

16-7 ' 

29-3 

45-5 


Besides the rare gases, the other non-metaUic elements excepting 
oxygen and diatomic sulphur are a.11 diamagnetic, and so are the 
elements of the B sub-groups of the Periodic Table. In each 
group x^ increases with increasing atomic number. 

The susceptibilities of a number of salts have been measured 
in aqueous solution, and, since replacement of one cation or anion 
by another leads to constant changes in xa^ independent of the other 
ion present it can be inferred that the ionic susceptibilities are 
additive. The calculation of the contribution of each ion to the 
total observed value, however, involves assumptions. Calculations 
similar to those for the inert gas atoms can be applied to simple 
ions, but the accord between calculated and observed values is again 
not good. The best approach seems to be that of Brindley and 
Hoare {Proc. Roy. Soc., 1935, A, 152, 342), who took for Lf the 
theoretical value of 0*7, arguing that an error in this small value 
will not influence greatly the values for other ions. From this 
basis the values of typical ionic susceptibilities are :— 


u 

U 

u 

Li* 

. 0-7 

Mg** . . 

. 4-3 

. . 

. . 9-4 

Ha* . . 

6*1 

Ca- . . 

. 10-7 

cr . 

. . 24-2 

K* . . 

14*6 

Sr- . . 

.. 18-0 

Br' . 

. .• 34-5: 

Rb* . . 

22-0 

Ba** . 

. 29-0 

I' . . 

i . ; V«0'B 

Cs* . . 

. 35d 












SGIENOB PROGRESS 


768 

In an iso^ectric series of atoms or ions, the values of and 
hence of Xa should decrease with increasing nuclear charge, i.e. be 
less for cations and greater for anions, owing to the increased inter¬ 
action between the. nucleds and electrons. This is the case, e,gr. 
r 9-4, Ne 7-6, Na' 6-1, Mg" 4-3, Cl' 24-2, A 18-0, K‘ 14-6, Ca" lb-7. 
These differences are approximately those which would be expected 
frcnn the crystallographic values of the ionic radii. 

In considering the diamagnetic susceptibility of molecules, the 
resonance term must be included, and the only purely theoretical 
value that can be readily deduced is for hydrogen. This leads to a 
value of Zd == — 4,-7 x i0"« and Xr = + 0-6 x 10“«, giving a 
predicted value of Xu = — ^ 10“® in fair accord with the 

observed value of — 4-0 x 10"«. For other simple molecules xj^ 
is related approximately to their dimensions, e.g. Na 12, Cla 4T6, 
Bra 66-4, la 92-4, HaO 13 0, NaO 19, NHa 19, COa 19, SOa 19, HP 8-6, 
Ha 22-3, HBr 33-2, HI 47-9, {CN)a 22-5, NaO* 25-2, etc. There is 
generally little difference between the values for the Ikpikl and 
gaseous states. The value for water varies somewhat with tem¬ 
perature, this being attributed to a decrease of hydrogen bonding 
with rise of temperature. 

It, was shown by Pascal (1908-13) that for covalent compounds 
;fjj[is additive. As a first approximation, the formation of a covalency 
pan be regarded as involving two electrons only, without much 
change occurring in the other electron orbits, so that the aixangement 
of electron density around any one kind, of atoms will be almost 
the same in all molecules. On the other hand, the formation of 
douWe bonds, aromatic ring structures, etc.^ cause larger changes 
in the eieptronic orbits, and to allow for these, constitutional factors 
have to 'be introduced, very similar to the corrections for such 
structures which have been shown to be necessary in interpreting 
molecular r^ractiou and paraehor data. Typical values of the 
contributions of each atom are shown below; these are based on 
Pascal’s data but . corrected to a value oif =5 0-72 x 10"® for 
wa^ instead of the higher value of 0-7,5 x 10"« used by him, ; 


■; /,v ' ' , ' ■ 


h ■■ ' 

% X W 

H =. . . 

— 2-86 

F . . » : . . . , 

- Ib5 

C . , , . . . ; . 

~ 6*0 

Cl. 

- 20'1 

—0— (itx etliers and alcohols) 

- 4-6 

Br. 

- 30'6 

=0 (hi ketones) , . ^ 

4- 1*73 

I. 

- 44*6 

=::0 (in acids and esters) ; 

~ 3 -4 

S . . . , . * * . 

16*1 

Double Bond C==C . . . 

+ 5-67 

N (in ,amines) . 

- 5-6 


4* 1*8 

P . 

- 26-6 

. . 

. 4- 8*2 



Triple Bond C==0. . . ; ^ 

4" 6-77 

Benaene ring 

1*5, 

C==N . . i 

- 0*77 

ISTaphthalens rkig » * - j 

6*1 
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Thus for ethyl alcohol 

=== 2 X (- 6*0) + 6 X {- 2-85) + (- 4-6) = - 33*7 
(observed value = — 31*5). 

The structural factors should permit diamagnetism to be used to 
decide between alternative structures proposed for some com¬ 
pounds. In many cases, however, considerable difficulty arises 
through the divergence in the experimental values found by different 
workers, and hence the uncertainty, particularly of the structural 
factors. Of the attempts which have been made to extend PascaFs 
method and put his constitutive factors on a theoretical instead of 
empirical basis the most interesting is that of Gray and Cruikshank 
{Trans, Faraday Soc,, 1935, 31, 1491), who express their suscepti¬ 
bilities in terms of atomic and ionic susceptibilities, calculated by a 
modification of Pauling's method, together with bonding de¬ 
pressions, i.e. decreases produced by various forms of linkage. Prom 
the electrical dipole moment of the linkages, they deduce for each 
atom a ** residual charge," given by the ratio bpnd moment/inter- 
nuclear distance, which represents the fraction of time the atom 
can be regarded as being in a charged ionic state. By multiplying 
the susceptibilities of the atom for each state by the appropriate 
time factors a mean atomic susceptibility of the atom is obtained, 
and these values, summed for the molecule, give a theoretical value 
for The difference between the calculated and observed values 
is taken as the depression caused by the formation of linkages. 
The method has been applied with propbunced success for a variety 
of diamagnetic compounds, but the calculations involve a knowledge 
of the screening constants, bond moments, and intermolecular 
distances, which are not kno'^ accurately. 

The whole additivity relationship is by no means strictly obeyed, 
however. A recent study by Angus and Hill {Trans, Faraday Soo,, 
1943, 39, 185, 190, 197) shows that in a homologous series, the mean 
in 6 rement in for each 'CH 2 group added is 11-69 ± 0*003, but, on 
the other hand, the conversion of an acid into its methyl ester causes 
a change of only 10 - 66 , so that in general a monocarboxylic acid 
is more diamagnetic than its isomeric esters by about 1 . Bft*anohmg 
of a hydrocarbon chain increases and amongst isomeric com¬ 
pounds the order of/the isomers is sec. >, iso > 7 ^ 7 , the tertiary 
compounds being slightly greater stiU than the; secondary.. I: 

In the case Of disubstituted aromatic compounds the matter is 
even confusing. Bhatnagar and Shis 
1930 {Yii)> 10, 101.; 4031 (vii), !!, 914) reached;the 
the susceptibiHties of these isomers were in the 
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and attempted to correlate the differences between their values 
with the sizes of the substituent groups, but no close relationship 
is observable. On the other hand, French {Trans. Faraday Soc., 
1945, 41, 676) has found that in compounds of the type O 0 H 4 X 2 , 
where X = OH, OMe, NH^, Cl, NOj or COOH, when X is o-p- 
directing, the values decrease in the order o>m >p, whereas, 
when X is ?ra-direetive the m-compound has the highest value. She 
suggests that since an o-p-directive group repels electrons to the 
ring, producing a maximum electron excess in the o-positions, it is 
to be expected that a compound with two electron-repelling substi¬ 
tuents o- to one another would have the highest susceptibility, since 
on the Langevin treatment a decrease in effective positive charge 
results in an increase in diamagnetism, but it would be anticipated 
that the effect with a p-compound would be greater than with the 
m-compound and only slightly less than for the o-compound, which 
is not the case. On similar reasoning it would be expected that 
with mrdirective substituents the compound with the two groups 
m- to one another should have the highest susceptibility, as is 
observed. On the other hand, the o-compound would be expected 
to have the lowest value, but again this is contrary to observation, 
as is shown in the figures below : 


Compounds. 

*4 , 

Corresponding 

Mono-derivative.* 

0 - 

m- 

P- 

C,H4(0H), . 

es-m 

67*26 

66*47 

60*7 

C8H.i(OM6)a . . . 

87-39 

87*21 

86*66 

74*05 

C,Hi(NH,)a . . . 

71-98 

70*53 

70*28 

63*84 


84*36 

83*19 

82*93 

72*45 

C,H4(N0,), . . . 

66*98 

70-53 

68*30 

61*63 

C^HaODOH), . . . 

83*81 

84-64 

83*61 

70*2 

C«H4(NOa)(COOH) . 

76*11 

80-22 

78*81 ; 


CgH,{N 03 )(CH 0 ) . . 

68*23 j 

68-65 

66*67 



* Values taken from the results of Bhatuagar, 


Paramagnetic substances interact more strongly with a mag¬ 
netic field than do diamagnetic substances, and hence the pre¬ 
dominating term in the expression for xu is Xi>- Each molecule 
or atoiU behaves as an elementary magnet which- tends to orient 
itself along the lines of force, wMlst thermal agitation tends to 
produce random orientation. By arguments analogous .to those 
used for the case uf electrical dipoles in an electrostatic field, Langevin 
(1905) showed that if the magnetic moment of the elementary 
margnet of a gaseous molecule-is then the mean moment m in 
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the direction of the external magnetic field is given by wi /3/^T. 

But by definition Xn. — M«:/d = MI/dH == VI/H, where V is the 
molecular volume. But VI is the total moment per gram-mol. 
and hence = mN/H = or = -s/zicTlx^/^- The 

effective moment per gram-mol. {Hetf) is therefore given by 

t^eg. = N/«a = VarnTx,, or VsRTx^,. 

Evidently should vary inversely as the absolute temperature. 
Actually few substances obey this law, put forward empirically by 
Curie, but a modified relationship c/(T — 0) (Curie-Weiss 
Law) is more generally applicable. 0 can be interpreted as the 
critical temperature at which the intrinsic molecular field can 
maintain the molecular orientation against thermal agitation. It 
therefore marks the temperature (Curie point) at which % become^ 
infinite, i.c. paramagnetism passes into ferromagnetism. 

An electron revolving in its orbit or spinning about its axis 
amounts to a circular electric current, and as such is a magnet. 
Classical methods show that its moment will be given hj /2mc^ 

where p is the total mechanical angular momentum and c is the 
velocity of light. As this momentum is quantised in units of 
1i/2ti, a unit of magnetic moment will be obtained by assuming a 
quantum number of unity, i.e. 

The first quantum level of an atom has one 5, the second one 5, 
and three p, the third one 5 , three p, and five d orbitals, each of 
which can accommodate two electrons with equal and opposite 
angular momentum, which will compensate one another (pairing or 
coupling). When all orbitals are not filled, however, the most 
stable (lowest energy) state of the atom is that in which the fewest 
electrons in a sub-group are coupled. The elementary magnet of 
paramagnetic ions and molecules can therefore be identified with the 
magnetic effect of unpaired electrons present. Hence only atoms or 
ions with incomplete electron shells are paramagnetic, and if no 
complications arose the magnetic moment should be a niultiple of the 
moment due to one electron, i.e. known as the Bohr magneton 
(B.m.), which has a value of 5564 gauss-cm. for one gram-mol. Hence, 
expressing R in ergs, — '\/3RTj^/5564 = 2^S4:Vxu^ B.m. The 
old empirical unit, the Weiss magneton (1123-5 gauss-cm. or 0*2019 
B.m.) has no theoretical significance. 

Actually, however, will.,not be a whole number qf .Bohr 

magnetons owing to the restrictions set by the quantum theory on 
the coupling of orbital and spin moments. It has been shown that, 
apart from a few cases, for an atom, or ion can be expressed 
+ 1) where J is the inner quantum number 
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deining the total angidar momentum of the atom and g is Lande’s 
“ splitting factor.” 

The view that paramagnetism indicates the presence of unpaired 
electrons is borne out by the fact that paramagnetic ions are formed 
by transitional and rare-earth metals, where the U and 4/ sub-groups 
of electrons, respectively, are being filled in. 

When the general equation is applied to ions of transitional 
elements, however, the results do not accord with experiment. In 
the solid state and in solution, under which conditions such ions 
are studied, the perturbing effect of the surrounding molecules 
destroys or " quenches ” the contribution of the orbital momentum 
of the electrons of the incomplete 3d sub-group. Hence the spin 
moment alone determines the paramagn etism an d the Lande split¬ 
ting factor becomes 2, giving = 2V'S(S + 1) B.m., where S is 
the total spin .quantum number, i.e. 2S is the number of unpaired 
rfectrons (EauUng, J. Amer. Ghem. 8oc., 1931, 53, 1367). 

Hence should increase in the case of simple ionic compounds 
apeording to the number of unpaired electrons, the theoretical values 
being 


Numlier of ^TJupaired Eloolrous. 


B.iii.). 

Q 

0 

0-0 

' 1 ' 

i 

1*73 

'2 . , ■ ■ ■ 

1 

2*83 

3 

li , 

3*88 

4 , 

2 

,4-fiO 

; ‘ ' 5 


‘5*91 


To give tan indication of the value of the susceptibility itself, if 
= -1-73 and T “ .290°K., x,. = = 1300 X 10"» 

e.m.tt. 

Typical values of observed for a number of ions are : 







Ion. 








Or* 


Mn** 

Fe*** 

Fo'* 

■Co** 

Nl“ 

Ou** 

No. 

olectroas . 

1 

3 

4 

4 , 

5 

6- ■ 

4 

3 

2 

1 

, observed . 

1*7 . 

3*86 

4-85 

4*85 ; 

5-9 

5*86 

5-23 

5*04 

3*42 

1*9 

' cftic. ■' 

1*78 

3*88 

4*90 

4*90 1 

6-91 

6*91 

4-90 

3*98 

3*83 

1*73 


As atttidpated, Zh”, ‘Sc”', Tr", and also -Cu , afi Of 

^ V^ch bave ’no impaired'Electrons, are d^^ 

metals, pariioularly tbc^e of thO'A sub-groups, are 
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paramagnetic, but their effective moments are less than are required 
for a single unpaired electron, even in the cases of metals with an 
odd number of electrons. This arises because in the metallic state 
the valency electrons form a separate mobile system (electron-gas) 
unassociated with the nuclei, and in this state show only feeble 
paramagnetism. Metals dissolved in liquid ammonia have been 
shown to have similar magnetic properties to free metals (Freed 
and Sugarman, J. Ghem. PhysicSy 1943, 11, 354). 

Oxygen is paramagnetic, with = 2-8 B.m., corresponding 
with two unpaired electrons. This was at one time perplexing, 
since spectroscopic evidence shows definitely that the oxygen atoms 
are linked by a double linkage or the equivalent, thereby eliminating 
the possibility of a structure such as 

: 0 : 0 : 

with septets of electrons around each oxygen atom. It can now be 
explained on Pauling’s suggested structure 

: 0 ‘:b: 

with two three-electron bonds. On the basis of molecular orbitals 
it can be shown that on the gradual addition of sixteen electrons 
to two oxygen nuclei the formation of a stable nucleus requires the 
last two electrons to have uncoupled spin. The molecule in 
sulphur vapour is also paramagnetic, and so presumably has a similar 
structure to oxygen. 

As would be anticipated, paramagnetic properties are also 
possessed by molecules with an odd number of electrons, e.g. NO, 
OIO 2 , and NO 2 , all of which have a susceptibility corresponding to 
one electron with uncoupled spin. It is noteworthy that N 2 O 4 is 
diamagnetic whereas NO 2 is paramagnetic. Such magnetic proper¬ 
ties can be utilised to elucidate structural problems in certain oases* 
Thus sodium and silver hypophosphites have the empirical formulae 
NaHPOsjSHaO and AgaPOa, respectively. The monomeric ion 
would have an odd electron, and hence be paramagnetic. Actually 
they are diamagnetic and hence must have the double formulae 
(Bell and Sugden, J. Ohem, Soci, .1933, 48). Similarly Fremy’s 
salt (KS 03 ) 2 NO is yellow and diamagnetic in the solid state, but 
blue and paramagnetic in solution, so it is inferred that it is dimeric 
in the solid and inonomeric in solution. ' 

The measurement of magnetic susceptibility has also been of 
great value in studying organic free radicals. These, having an 
odd number of electrons, are paramagnetic, and the susceptibilities 
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observed can be used to calculate the propoii3ion of free radical form 
present. For instance tri-4-diphenylmethyl, both in the vsolid 
state and in solution, has = 1200 x 10“® e.m.u., and hence is 
almost unassociated (Muller-Rodloff and Bunge, Annalen, 1935, 
520, 235). For less completely dissociated compounds Xil 
be calculated from the observed value of x^ and the value of xa 
deduced from Pascal’s data, but owing to the uncertainty of the 
last term the method is limited in accuracy, particularly when the 
degree of dissociation is low (c/. Hey, Ann, Rep, Chem, Soc., 1940, 
37, 265).. 

Amongst other organic compounds it has been found that the 
ketyl (C 6 H 5 ) 2 C 0 E, with an odd number of electrons, has a moment 
of 1*45 B.m., as anticipated for one unpaired electron (Allen and 
Sugden, J, Gliem, Soc., 1936, 440). 

Magnetic measurements have also proved a valuable tool in the 
study of the rare earth metals. It has been shown by van Vleck 
{Theory of Electric and Magnetic Susceptibilities^ 1932) that the 
general relationship ^ gV3{3 + 1) gives good agreement with 
most experimental data for these metals, because the incomplete 
4/ shell of electrons is screened from disturbance by a complete 
shell of eight electrons in the ^sp sub-groups, and hence their orbital 
components are not quenched. The susceptibilities of the metals 
themselves are determined almost solely by the paramagnetism of 
the ions, as the diamagnetism and the weak paramagnetism of the 
electron gas is negligible. This has been applied (Klemm and 
Bommer, Z, anorgan. Chem., 1937, 231, 138) to the determination 
of the ions present. The observed moments (in B.m.) and the 
values calculated for divalent, trivalent, and tetravalent ions, are 
Shown below : ' 


Atomic , 
Nrnnbet. 

Metal. 






67 

La- 

very small 

, 

0*0 


, 3 

68 

Ce 

2‘34 

0*0 

2*56 

_ _ 

».4 

60 

Pr 

3 22 

• 

3*01 

— 

3,4 

: 60 

m 

3-66 

3-Ga 

3-66 

. 2*8 

3,4 

62 

Sm 

2>07, 

, — 

1*65 

3*4 

3,2 

63. 

r Eu 

8-3 

1-6 

3*4 

7*9 

■ 2 

64 

Gd 

7-8 

3-4 

7-9 

9*7 

3 

66 

Tb 

(9^0) 

7-9 

9*7 

10*6 


66 

Br: 

10*9 " 

9-7 

10*6 

10*6 

3 

67 

Ho 

— 

10-6 ■ 

10*6 

9-6 I 


68 

Er 

9-6 

10-6 

9'6 

7-6 

3 

69 

-- . Tm . 

5 7-6 

9-6 

7*6 

4-5 

3 

-70 

Yb 

, 0*0 

- :7'6 , 

4-5 

0*0 

2 

71 

Lu 

0*0 

4-6 

0-0 

> 0*0 

3 
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The observed values quoted for the elements from europium to 
lutecium are the paramagnetic moments calculated from the relation. 
fi — 2-84V%a(T — ®)> because ferromagnetism is exhibited by this 
group of metals. 

The other interesting field to which magnetic measurements have 
been applied with pronounced success is that of co-ordination com¬ 
pounds. In the formation of complex ions and similar compounds, 
very extensive electronic rearrangements may occur, leading to 
magnetic susceptibility values which are at first sight surprising. 
For instance [Co(NH 3 )o]Cl 3 , K 4 [(Fe(CN)e], and K3[K[i(CN)4] would 
be expected to have effective moments of about 4-9, 4-9, and 2-8 
B.m., respectively, if all the unpaired 3d electrons of the central 
atom were exerting their maximum spin. Actually these compounds 
are diamagnetic, as are many other co-ordination compounds such 
as [Co(NH 3 ) 4 C 03 ]C 1 , [Fe(dipyridyl) 3 ]Cl 3 , and the nickel glyoximes 
as well as the carbonyls Fe(Co) 5 , Fe 3 (CO)i 2 , Co 2 (GO) 8 , and Ni(CO) 4 . 
On the other hand, there are many other compounds of which the 
structures might lead one to expect an analogous result, but which 
are actually found to be paramagnetic, e.p. K 4 [Cr(CN) 6 ] (3-3 B.m.), 
K 3 [Mn(CN)c] (3-0 B.m.), [Fe(NH 3 ) 6 ]Cl 3 (5-25 B.m.), K 3 [Fe(CN).] 
(2 B.m.) and [Co(N 3 H 4 )a]Cl 3 (4-93 B.m.). 

A considerable measure of success in explaining this behaviour 
was achieved by Pauling’s theory of directed wave functions 
(J. Am&f. Chem. Soc., 1931,53, 1367). This assumes that in the for¬ 
mation of complex ions from elements of the first transition series 
(Ti to Cu), bonds are formed by use of only the 3d, 4s and ip electrons. 
The various combinations of these different orbitals gives rise to 
the various geometrical configurations of the directions of the 
bonds, thus: 

(а) Combination of A and p orbitals only, or of one s or p and 

three d orbitals yields four bonds directed towards the 
corners of a regular tetrahedron, as in- the familiar case 
of carbon. 

(б) Combination of one s, two p and one d orbitals yields four 

strong bonds in one plane directed towards the corners of 
a square. 

(c) Combination of one s, three p, and two d orbitals leads to 
six bonds directed towards the corners of a regular 
tetrahedron. 

, Consequently, if a Ni“ ion forms a planar complex by using one 
d orbital for the co-ordination of electrons from the co-ordinating 
group, its .eight d electrons must occupy the remaining four d 
orbitals, and hence couple their spins, leading to a zero moment. 
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This appears to he the case, e.g. in the [Ni{ON) 4 ]" ion and in the 
glyoxime and salicylaldehyde derivatives (Fobes and Tyson, J. Amer. 
Ohem, Soo., 1941, 63, 353&), which on other grounds have been 
shown to be planar. On the other hand, in the [Ni(NH 3 ) 4 ]’‘ ion the 
NHa groups have been shown to be arranged tetrahed-rally and must 
be produced by conabining one s and three p orbitals. In this case, 
since the Ni' ion has eight d electrons, two must remain with uncoupled 
spin, in accord with the observed moment of 2‘7 B.m. Although 
Hi( 00)4 has a tetrahedral structure, eight electrons have been 
added to the nickel atom, so it attains the diamagnetic krypton 
structure. The nickel derivatives Ni(SR)a of several meroaptans 
and thiophenols have been showir by Jensen (Z. anorg. Ghem., 
1944, 252, 227) to be diamagnetic. These must therefore be of 
the planar 4-covalent type, and as they cannot attain this state 
internally they are assumed to be highly polymerised, a conclusion 
in accord with their low solubilities. : 

The tetrahedral configuration of the groupings around the central 
ion also explains the paramagnetism of [Co(NaH 4 )a]Cl 2 , which, has 
a moment 14'93 B.m.) approximately equal to that of the central 
atom* 

Amongst six-covalent compounds with octahedral structure two 
d orbitals must be used, so in the [Pe(CN)a" ”] ion the position is 
the same as for planar nickel cqmpounds ; the six d electrons of the 
Pe" ibn must occupy the , remaining three d orbitals, leaving no 
electrons with: unpaired spin. The same argument holds for 
[ColNHala***] since Co'*’ has the same electron configuration as 
Pe",and also for the six-covalent compounds of Ir™ and Pt"'. . In 
the [Pe(GN)«l" '■ ion, however, there is one electron less than in the 
ferrooyanjde ion, and hence there will be one d electron with unpaired 
spin; the observed moment of 2 B,m. accords with this view. 
Similarly [Ni(NB[s 0 H)aiS 04 and KaBel* have moments of 2-9 and 
3-57 B.m., corr^ponding with two and three unpaired electrons, 
respectively (Jenson, 2!. aworgr. Ghem., 1944, 25, 227, 317). When 
the central ion has very few d electrons, the use of two d orbitals in 
bond formation may not decrease the magnetic moment, for instance 
in the [Cr(ON)«" '] ion. there are stiU three d orbitals to be occupied 
by the three d electrons of the Cr"’ ion, so the moment is the same 
as for , the feee chromic iqn. 

There are still many unexplained anomalies, however. Many 
hydrated iqns and coroplexes containing the fluoride ion have 
momehts approximately: equal to those of the central ions, although 
the groups are octahedraHy, arranged around fhe central atom. 
Baulihg. has suggested that stron^y electro-negative groups suoh as 
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the F' ion may be linked to the central atom by bonds which are 
predominantly ionic instead of covalent, whilst in hydrated ions 
and loose ammoniates the co-ordinated molecules may be held by 
electrostatic forces only. This does not mean that the bonds are 
of an extreme ionic type, since it has been suggested that the two 
forms of linkage are of limiting types, and that the co-ordinate 
linkage is often a bond of fractional order between pure physical 
and pure chemical linkages. 

As pointed out by Sugden (J. Chem, 8oc., 1943, 328) it is difficult 
to accept such a simple view, as it implies that the linkages present 
in certain compounds are quite different to those in other analogous 
compounds, although there is a close similarity in physical properties. 
Thus the acetylacetonates Al(acac) 3 , Fe(acac) 3 , and Co(acac )3 have 
0, 5*9 and 0 B.m., respectively, whereas they should be approxi¬ 
mately 0, 1*8, and 0 for chemical linkages or 0, 5*9, and 4-9 for 
physical linkages. All are volatile and soluble in npn-polar solvents. 
Also [Ni(dipy)3]Br2,6H20 has a moment of 3-0 B.m., so none of its 
Zd levels can be used to form the linkages, and so on Pauling’s theory 
these must be ionic links which are not broken in solution. The 
analogous iron compound has zero moment, in accord with a 
chemical linkage. 

A rather different approach was made by van Vleck (/. Ohem. 
Physics^ 1935, 3, 803), who attributes the fall in magnetic moment 
produced by the formation of a complex ion to a strong perturbation 
of the incomplete d sub-group through the close approach of other 
atoms. Such interactions, if powerful enough, can not only quench 
the orbital contribution to the moment, mentioned in connection 
with the transitional elements, but also cause pairing of spins. The 
most stable state of the atom is that of maximum spin, but the 
energy associated with atomic interactions is a minimum when the 
spin is least. Hence there are two opposing tendencies in the 
formation of a complex ; if the interactions are not too great the 
tendency towards maximum spin predominates, whereas very 
strong interaction causes the d electrons to pair their spins. On 
this view, then, a decrease in magnetic moment on' formation of a 
. complex indicates a , more intimate bonding. As pointed out by 
Pauling, however {Nature of the Chemical Bond^ 1940), this does npt 
occur in the complex of iron with fluorine, the most electronegative 
of aU atoms, and hence it would not be expected to occur in any 
. complex. On the other hand, van Vleck’s view does give a, picture 
of the variations in behaviour encountered, but it must be assumed 
that quite small changes in the nature of the corOi^i^tiffg 
can have a pronounced effect on the coupling of spins in the qentral 
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ion. This subject has been studied very considerably by recent 
workers (c/. Sugden, loc. cit.). 

Finally, mention may be made of the application of magnetic 
methods to the detection of the presence of various ionic species in 
solution. For instance, Das and Ray («/. Indian Ghem. Soc., 1944, 
21 , 159) measured the magnetic susceptibilities of solutions of 
sodium molybdate progressively acidified with nitric acid. They 
found that the susceptibility-pH curve obtained showed four in¬ 
flexion points corresponding with the Mo 30 ll"'^ HMobOjji'"", 
HjMo.Oai'", and H 7 Moia 04 i"', respectively, but could obtain no 
evidence for the existence of HaMojOai"" in solution. 

BIOCHEMISTRY. By W. O. Kebmack, D.So., LL.D., IT.R.^., Royal 

College of Physicians’ Laboratory, Edinbuigh. 

Staboh and Glycogen. —^Amongst the many advances in bio¬ 
chemistry of the past ten years, the clarification of the structure 
of starch and glycogen and the enzymatic in vitro synthesis of 
these substances is of special importance because of the almost 
universal occurrence of such polysaccharides in plant and animal 
eeUs, and the part they play in industry and human and animal 
nutrition. Ten years ago, even the general plan of the starch 
molecule was highly controversial. Them is now a very surprising 
degree of agreement as to the main features of the structure of 
starch and glycogen, and at the same time .the role of various 
enzymes in the breakdown and synthesis of these ]^olysaocharides 
has been ascertained. 

Strijottjkb oe Staboh:. —Ordinary starch is not a single sub¬ 
stance. This has been suspected for some time, but it is only 
recently that the nature of the component fractions has been 
established, and suitable methods of separating them developed. 
It is now generally agreed that most starches consist of two dis¬ 
tinct fractions, amylose and amylopectin. Perhaps the most strik¬ 
ing difference between these two substances is that amylose gives 
an rntense blue colour with iodine, whilst with amylopectin the 
dolour is violet or red with little trace of blue. PhysioO-chemioal 
investigation indicates that the particles of amylose are relatively 
long and thread-like and those of amylopectin are much more 
nearly spherioal and compact. 

Both amylose and amylopectin are formed from molecules of 
glucose, joined together by glucosidic i^ the type of linkage 
pr^ent in maltose. AD. the glucose molecules are present as the 
■ pyranose, of Six-membered xihg form. Amylose is the simpler of 
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the two substances. It consists of a long chain of glucose units, 
each one being united by an oxygen atom (the glucosidic link) from 
its. own first carbon atom to the fourth carbon atom of the next. 
As the chain of glucose units is an open one, the first and last units 
have only one neighbour, and only one link each. There are three 
hundred or more such linearly arranged glucose units in the amylose 
molecule. 

The architecture of amylopectin is somewhat more complicated. 
Here the chain of glucose units is not straight but is branched. 
The molecule which is considerably larger than that of amylose— 
it may consist of several thousand glucose units—contains many 
branch-points. These branch-points occur when the glucose unit, 
besides being joined to two adjacent units through the fii*st and 
fourth carbon atoms, is also attached to a third unit through carbon 
atom number 6. This third glucose unit is attached to carbon atom 
number 6 by its own first carbon atom, through a glucosidic link, 
and it forms the first unit of,a side-chain which itself may be 
branched. The details of the resulting multiple-branched structure 
are still obscure, but it is known that there is about one branch 
end-point to every twenty to thirty glucose units, and the end 
branches may contain between ten to twelve units each. 

These proposed structures for amylose and amylopectin are 
based on a large amount of physical and chemical evidence, to 
which the work of the British school, led by Haworth and Hirst, 
has decisively contributed. They are in conformity with the fact 
that the amylose molecule is long and thread-like while that of 
amylopectin is more nearly spherical and compact. The difference 
in the action of the enzyme, /S-amylase, is also readily explained; 
the characteristic action of this enzyme is to split oiEf maltose, that 
is pairs of glucose units, from the end of a chain. With the straight- 
chain amylose molecule, this process can proceed until all the chain, 
save perhaps one odd glucose unit, is converted into maltose, but, 
with amylopectin, the process stops when a glucose unit forming 
a branch-point is reached, for this involves a configuration unsuit¬ 
able for the action of the enzyme. The consequence is that only 
about half the amylopectin is converted into maltose ; the rest is 
left as a dextrin resistant to the action of )S-amylase. 

S3BTARATio]sr Of Amylose Amylotectin. —^During recent 

years, important methods have been introduced for separating 
amylose and amylopectin dErom natural starch. Schoch {JiA.C,8,y 
1942, 64, 2957) %und that suitable treatment of starch paste mth 
butanol resulted in the separation of an insoluble amylose-butanol 
complex, from which amylose of high purity could be obtained^ 
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and from the mother-liquor amylopectin, practically free from 
amylose, could be recovered. Haworth, Peat, and Sagrott {Nature, 
1946, 157, 19) have improved this method by using thymol in 
place of butanol. From the starch solution containing sodium 
chloride and saturated with thymol, the amylose-thymol complex 
separates in forty-eight hours. Cyclohexanol and other alcohols 
may also be used, and a mixture of cyclohexanol and thymol which 
precipitates amylose, contaminated with some amylopectin, is very 
useful, as the amylopectin left in solution appears to be unusually 
free from amylose. 

Haworth, Peat, and Sagrott obtained from potato starch by the 
thymol method a yield of amylose varying from 20 to 22 per cent, 
of the weight of the starch. The relative proportion of the two 
components varies in different types of starch; the proportion of 
amylose is usually between 16 and 25 per cent., but certain “ waxy ” 
starches seem to consist entirely of amylopectin. 

Stbuctxjre of Glycogen. —^The molecule of glycogen resembles 
that of amylopectin rather than that of amylose. It differs from 
the amylopectin molecule in two respects; it is larger, and it is 
more intensely branched. The molecules of glycogen are probably 
hot all of the same size, but in general seem to have molecular 
weights of several millions, and therefore contain tens of thousands 
of glucose mits. The branches are on the average only about 
haJf as long as those of amylopectin. The consequence is that the 
molecule of glycogen is large, compact, and very nearly spherical. 

The Synthesis of Staech and Glycogen in vitso ;—^Two 
different types of enzymes are found in plant and animal cells 
which break upthe molecules of amylose, amylopectin, and glycogen. 
The amylases, such as the j5-amylase already referred to, split the 
molecule with the addition of water. This hydrolytic fission of 
starch or glycogen is accompanied by the liberation of appreciable 
heat; and is definitely not reversible. The other type of enzyme 
attacks the polysaccharides in the presence of inorganic phosphate. 
;Fission takes place with the addition of a molecule of phosphoric 
, acidi.in place of a molecule of water ; terminal glucose units are 
split off and the product is glueose-l-phosphate:; such an enzyme 
is called a phosphorylase. Glucose-1-phosphate is often called the 
Cori ^ter;:as it was first discovered by Cori and Cori (Proc. Soo. 
Exp. JSioli M^.i in 1936 (see Fig. 1). , 

The first indioi^on that the reaction polysaccharides -}-: phos¬ 
phate gluoose-l-phosphate is: reversible was published by Sehaff- 

: ner vand Specht 1933, 26 , 494) who reported ,that a 

V'phrtephoiylase present in: yeastj, when ^ incubated with glupose-l- 
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Fio. 1.—Glucose-1-phosphate (Cori ester), 

phosphate, liberated inorganic phosphate, and produced a product 
apparently glycogen, which gave the brown colour with iodine 
characteristic of this polysaccharide. 

From this point progress was rapid. The results of Schafifher 
and Specht were confirmed by Edessling {Biochem, Zeit,, 1939, 302, 
50-76) who purified yeast phosphorylase from associated enzymes 
andj inter alia^ showed that in presence of this phosphorylase the 
reaction glycogen + inorganic phosphate ^ glucose-1-phosphate is 
a truly reversible one, reaching the same equilibrium position from 
both sides. Ostem and Holmes 1939, 144, 34) reported 

that liver brei in presence of fluoride catalysed the formation of 
a glycogen-like substance from glucose-1-phosphate. Oori, Schmidt 
and Cori {Science, 1939, 89, 464) prepared a phosphorylase from 
muscle and observed that the activity of the enzyme so obtained 
depended on the presence of adenylic acid presumably as co-enzyme. 
From hexose-1-phosphate it sjuthesised a polysaccharide giving 
a blue colour with iodine. 

About the same time a thorough investigation of plant phos¬ 
phorylase was being made by Hanes, and his results were published 
in two important papers (Proc. Boy, 8oc., 1940, B, 128, 421 ; 1940, 
B, 129, 174). He first worked with extracts of ungerminated peas 
and later with potato jmce phosphorylase, which could be readily 
freed from amylase. When he allowed this phosphorylase to act 
on glucose-1-phosphate he found that a starch-like material separ¬ 
ated from solution, and that at the same time inorganic phosphate 
was liberated. It was clear that polysaccharide synthesis had been 
brought about, and as the product gave a deep blue coiom with 
iodine, it appeared to be a true in vitro synthesis of starch. Further 
investigations, chemical, physical, and physico-chemical, ^onfirined 
this conclusion with one important reservation. We have already 
seen that starch consists of both amylose and amylopectih* Hahes ^ 
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synthetic starch agrees very closely in its properties with amyloae ; 
it is, indeed, synthetic amylose, but the chains are shorter than 
those of natural amylose, as they contain only about 100 glucose 
units. 

Hanes and the Coris, like Kiessling, found that a true equilibrium 
existed between the glucose-1-phosphato on the one hand and the 
polysaccharide -h inorganic phosphate on the other. Starting with 
glucose-l-phosphate the phosphorylases of different origin all syn¬ 
thesise a polyhexose; those from yeast and muscle produce an 
amylose-like compound giving a blue colour with iodine, whilst 
those from liver, heart, or. brain produce a substance closely 
resembling glycogen. 

Hanes {loc. cit.) drew attention to a very interesting pheno¬ 
menon ; an induction period was observed when glucose-1-phosphate 
was incubated in presence of phosphorylase, The conversion into 
starch was at first very slow, but the rate of the reaction increased 
gradually with time. This induction period could be abolished and 
the reaction much accelerated by: the addition of a small amount 
of natural starch, and certain other polysacchatrides have a similar 
effect. Hanes thought that maltose also catalysed the reaction, 
but later work (c/. Green and Stumpf, J. Biol. Chem., 1942, 142, 
355) indicates that pure maltose is inactive, though ordinary maltose, 
which contains traces of dextrins, has a positive effect. 

This'dependence of the rate of the synthetic action of phos- 
phorylase on the presence of preformed polysaccharide was also 
observed by other workers. Oori and Cori (J. Biol. Chem., 

131, 397) using muscle phosphoryiase found that glycogen pro¬ 
mpted the reaction, which did not proceed in its absence. Starch has 
also an activating effect on this phosphoryiase. Hanes had observed 
that the acceleration of the synthetic activity of potato phosphory¬ 
iase by. the amylose synthetically produced was not so great as 
by natural starch. Green and Stumpf came to the conclusion 
that synthetic starch is without any activating effect. Synthetic 
amylose is likewise ineffective with muscle phosphoryiase. 

With regard to the animal phosphorylases in general, the field 
has been dominated by the very impressive and thorough work of 
C. F. and G-T. Cori:and their colleagues. Recently {J. Bid. Chem., 
1943, :151, 21, .31, 39, 57 ; 1945,158, 321, 333, 341) these investi¬ 
gators have recorded an important advance, the crystallisation 
of muscle phosphoryiase. Actually, two forms, A and B, of the 
enzyme were obtained, One, A, was highly crystalline:’, it con¬ 
tained a jKrosfhetic group; flranly united and non-dialysable, and 
it was active ■^thout ; the addition of adenylic acidi The . other 
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form, B, was less crystalline; it was by itself completely inactive 
but it was activated on the addition of adenylic acid. An enzyme 
exists in rabbit muscle which converts the A form into B, with the 
disappearance of the prosthetic group from the molecule ; it is also 
removed by trypsin. In neither case does free adenylic acid appear, 
but a product containing ribose and phosphate is split oflf the enzyme 
molecule* Evidently adenylic acid is the co-enzyme of phosphory- 
lase B ; in the phosphorylase A this co-enzyme, or something closely 
related, is firmly attached to the rest of the enzyme molecule, whilst 
the B form lacks such a prosthetic group. 

The polysaccharide formed from glucose-1-phosphate in presence 
of crystalline muscle phosphorylase is of the amylose t 3 rpe, com¬ 
posed of long straight chains of glucose units. Cori, Oori, and 
Green (J. Bioh Ohem,^ 1943, 151, 57) demonstrated that when a 
supplementary enzyme obtained from liver, but devoid of phos¬ 
phorylase activity, was also added the polysaccharide formed no 
longer gave a blue colour with iodine, but resembled glycogen, and 
evidently contained branched chains. 

Very recently, Peat and Bourne {J,O.S., 1945, 877) have pub¬ 
lished an investigation of the synthesis of starch by the enzymes 
present in potato juice. It will be recalled that Hanes, working 
with a purified, but not crystalline, phosphorylase, obtained a pro¬ 
duct from glucose-1-phosphate of the amylose type. Peat and 
Bourne now find that the crude juice contains a second enzyme 
which can be separated from the phosphorylase; they call the 
phosphorylase proper P-enzyme and the other, Q-enzyme. This 
Q-enzyme has the property of converting natural or synthetic 
amylose into a polysaccharide resembling amylopectin and evidently 
containing branched chains. When glucose-1-phosphate is incu¬ 
bated in presence of both enzymes an amylopectin-like product is 
formed ; Q-enzyme alone appears to be without effect on gluoose- 
1 -phosphate, but this conclusion requires confirmation, as Q-enzyme 
absolutely free from P-enzyme has not yet been obtained. 

There is evidently a close similarity between the potato phos¬ 
phorylase and the muscle phosphorylase systems. Both bring about 
the same chemical reaction, both produce the linear polyhexose 
when no other enzyme is present, both establish an equilibrium 
between amylose and phosphate on the one hand and glucose-1- 
phosphate on the other. But there are also well-marked ^differf 
ences. Muscle phosphorylase requires a prosthetic group, eiiher 
present in the crystallme enzyme (phosphorylase A), or added as 
adenyhc acid to phosphorylase B. The potato enzyme requires no 
co-enzyme nor does it appear to contain a prosthetic group related 
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to adefciylic acid. The Q-enzyme of the potato converts the linear 
amylose into the branched amylopectin, whereas the glycogen- 
forming supplementary liver enzyme of Cori, Cori, and Green does 
not act on amylose, but has to'be present along with phos’phorylase 
during the process of polyhexose formation. It appears to be a 
phosphorylase, bringing about the addition of a glucose Tinit as 
ordinary phosphorylase does but effecting a 1: 6 linkage, and thus 
'introducing a branching of the chain. Indeed, by varying the 
relative proportions of the two enzymes, a product with different 
degrees of branching, resembling glycogen, amylopectin or amylose, 
may be formed at will. 

Let us return for a moment to the very interesting phenomenon 
of the dependence of the synthetic reaction on preformed poly¬ 
saccharide. Cori, Cori, and Green showed that the linear amylose 
formed synthetically with crystalline phosphorylase has no auto- 
catalytic effect on the synthetic reaction; this accords with the 
similar result Obtained by Green and Stumpf using potato phos¬ 
phorylase. With these enzymes, the reaction is not autocatalytic. 
When, however, the glycogen-forming enzyme systems of heart or 
liver , are used, autocatalysis is observed, the rate of the reaction 
increasing owing to the activating effect of the glycogen produced. 
Very striking is the observation that the reaction promoted by the 
combination of muscle enzymes and supplementary liver enzyme is 
also autocatalytic.. In fact, the synthetic glycogen produced in 
this way is just as active in promoting the synthesis as a specimen 
of ordinary liver glycogen. It is not yet clear whether the synthetic 
amylopectin produced by the combination of the P- and Q-potato 
enzymes on glucose^ Lphosphate is active like natural amylopectin ; 
if it were,' it would explain why Hanes, using P-enzyme which 
might have contained a little Q, observed some autooatalysis, while 
Green and Stumpf, with presumably more highly purified P-enzyme, 
could detect no trace of this effect. In any event if we regard the 
buffer solution containing, say, phosphorylase, the livor enzyme, 
and glucose-1-phosphate as a medium, which is sterile until we 
inoculate it with a trace of glycogen, we have a very interesting 
analogj" to bacterial growth. The glycogen multiplies but not so 
as to entirely exhaust the medium. The phosphate formed plays 
the rote of a tdxie by-product. The new glycogen could be used 
to inoculate! other flasks and sO “growth ” could be continued 
indefinitely. The anakjg^^ of course, has its limitations but it is 
.'Bu^estive.' ... , 

. ; The Glooosh pHosnajiTBS ANO OARBOHyoBATE Metabolism. 

indication may be given of the relation of 
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glucose-1-phosphate to some of the other aspects of carbohydrate 
metabolism* It has been known for some time that an enzyme 
exists, phosphoglucomutasey in presence of which an equilibrium is 
established between glucose-1-phosphate (Fig. 1) and glucose-6- 
phosphate (Fig. 2). Now the phosphorylation of glucose demands 

OH 


CHOH 

I 

CHOH O 

I I 

CHOH 


I 

CHa—O—PO—(0H)3 
Fig. 2.—Glucose-G-phosphate. 

energy, so that it is not accomplished directly from glucose and 
inorganic phosphate, even in presence of an enzyme ; the phos¬ 
phate must be supplied in a ‘‘ high energy ’’ form. For this purpose 
adenosinetriphosphate (ATP) is * effective. In presence of the 
enzyme, hexokinase, it reacts with glucose and forms glucose-6- 
phosphate. ATP is present in yeast cells and in many plant and 
animal tissues ; it acts as a vehicle for storing the energy liberated 
in various oxidative and glycolytic reactions, and supplies it, when 
required, to bring about some other chemical process. Colowick 
and Sutherland (J. Biol. Chem., 1942,144, 423) were able to demon¬ 
strate the synthesis of polysaccharide from glucose in presence of 
the enzymes, hexokinase, phosphoglucomutase, and phosphorylase, 
provided an adequate supply of ATP was present. 

Enzyme systems also exist which convert the glucose-6-phosphate 
into fructose-6-phosphate, and hence into the Harden and Young 
hexose-diphosphate and from this the well-known Ebden-Meyerhof 
(c/. SoiEKOB Peogbess, 1934, 28, 686) series of glycolytic reactions 
proceeds. The present evidence is that the essential reactions, 
concerned with the utilisation and breakdown of carbohydrates, 
are very much the same in the yeast ceU, in plants, and in animals. 
The relative rates and even the direction of the separate reactions 
may vary according to local conditions, and* the end products may 
differ within certain limits, but the basic scheme appears tb be 
the same. • ' ^ ,' _ ' 

For further information, the reader may consult to foHo^^ 
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articles and reviews : W. Z. Hassid, The Molecular Constitution of 
Starch and the Mechanism of its Formation {Quart. Rev. Biol., 1043, 
18, 311^30) ; K. H. Meyer, The Chemistry of Glycogen {Advances 
in Enzymology, 1943, 3, 109-36); W. N. Haworth, The Structure, 
FmrctioR and Synthesis of Polysaccharides (Bakorian Lecture) 
{Proc. Roy. Soc., 1946, A186, 1-20); Symposium on, the Formation 
of Disaccharides, Polysaccharides and Nucleosides {Fed. Proc., 1046, 
4, 226-52). 

GEOLOGY. By G. W. Tybbeli,, A.R.C.So., D.Sc., B’.R.S.E., The Univor- 

sity, Glasgow. 

Igneous Rooks : Great Britain, North Atlantic, North 
America. —An important paper by S. I. Tomkeieff deals with “ The 
Basalt Lavas of the Giant’s Causeway District of Northern Ireland ” 
{Bull. Vole., Naples, Ser. II, VI, 1940, 89-143). The famous col¬ 
umnar basalt lava belongs to an upper series of olivine-free tholeiitic 
basalts and projects seaward in contact with a lower series of 
oUyine-dplerite lavas. A new terminology of columnar lavas is 
proposed ; the lower zone of regular columns is called the colonnade, 
and the upper part of the flow with its wavy and often confused 
columns is referred to as the entablature. In a fully developed 
columnar flow the entablature is divided into a lower “ curvi- 
columhar ” and an upper “ pseudo-columnat ” zone. TChe three 
main zones are explained as the result of varying velocity of move¬ 
ment of the isotherms during the cooliiig of the flow. 

Dr. Tomkeieff has’also described “ The Tertiary Lavas of Rum ” 
(Oeol. Mag., LXXIX, .1942, 1-13) as dolerites and basalts, trachy- 
basalts (“ mugearites ”), and amygdaloidal tracbybasalts. He 
shows that the so-called “mugearites” of Rum and Canna are 
much nearer in composition to the tholeiitic basalts than to the 
type-rocks of Skye. The amygdaloidal rocks contain about 60 
per cent, of amygdaloidal material, and the author questions its 
ori^ in the usual way by infiltrations into the vesicles. He 
^0 favotir a “ hypothesis of liquid immiscibility according to 
which the amygdaloidal rock is really nothing but a solidified macro- 
emulsibh.” He is careful to state that this hypothesis is applicable 
only to the Occurrence on Rum. 

In a fuither work “ On the Petrology of the Ultrabasic and 
Basic Plutonic Rochd of the Isle of Rum,’’ Dr. Tomkeieff {Min. 
Mag., XXVII,' 1646, 127-36) states that the Tertiary plutonic 
rocks of Rum consist of {!) an ultrabasic peridotite—allivalite 
banded complex, intruded by (2) olivine-eucrite, and (3) an ad- 
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joining granophyre of a later period. Dr. Tomkeieif discusses the 
order of crystallisation of the minerals in the ultrabasic rocks, which 
appears to have been conditioned by the composition of the initial 
magma-fractions ; origin of the banding; and the parallelism 
between the mechanism of differentiation in the ultrabasic and basic 
magmas. " 

S. R. Nockolds and J. B. Richey describe “ Replacement Veins 
in the Mourno Mountains Granites, North Ireland ” (Amer. Journ. 
Sci., 237, 1939, 27-47), which are mostly of the greisen type; The 
chief variety contains abundant siderophylhte of which a new 
analysis is given. Later fissure veins carry fluorite, apophyllite, 
and an iron-rich clilorite (daphnite). The chief constituents added 
during the metasomatism were iron, fluorine, and water, with 
minor amounts of aluminium and lithium. Concomitantly, nearly 
all the sodium, and some of the potassium, calcium, and silicon, were 
removed from the affected rook. 

“ Late-stage Veins in the. Cone-sheet of Bloody Bridge, Mourne 
Mountains,” a ,paper by E. M. Patterson {Irish Nat. Joum., VIII, 
1943, 72-6), is a description, with a good analysis, of an epimag- 
matic vein of granophyre penetrating a Tertiary cone-sheet of 
quartz-feldspar-porphyry. . It, is correlated with the aplite veins 
of the Mourne Granite (see above). , 

Veins similar to those of the Mourne Granite mark the contacts 
between the two granites of the Northern complex of Arran, as is 
shown by W. R. Flett in his paper on “ The Contact between the 
Granites of North Arran ” {Trans. Oeol.. 8oc. Glasgow, XX, Pt. 2, 
1942, 1.80-204). This and other points emphasise the remarkable 
similarity between the two granites. The re-survey of the Contact 
between the fine and coarse granites confirms the view of earlier 
investigators that the fine-grained Inner Granite is intrusive into the 
coarse Outer Granite. The contact is shown to be mostly walLlike, 
and no support was found for the view that, the Inner Granite forms 
anywhere a roof to the Outer Granite. , > 

The majority of the dikes in “ The KiUougli-Ardglass Dyke 
Swarm,” described by S. I. Tomkeieff and 0. E, Marshall {Quart. 
Jov/m. Geoh'Soc., XOVI, 1940, 321-38), consist of olivine-doleriteS 
and olivine-basalts with some associated spilites, which are referred 
to an alkali-enriched plateau-magma type. Dikes of trachybasalts 
are associated with the above and are. connected with . them , by 
transitional varieties. ..The magmatic characteristics and igneous 
sequence in this, swarm are quite different from those of the adjacent 
Antrim and Mourn© Swarms. . ' 

A valuable summary and discussion on “ The Dykes of SeotlCnd ” 
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has been given by J. E. Richey {Trans. Edin. Oeol. 8oc., XIII, Pt. 
IV, 1939, 393-436). In Scotland, the origin of the term “ dyke,” 
there are appropriately no fewer than eight periods of dike intrasion. 
Dr. Richey discusses the upward and downward extension of the 
dikes; whether in some cases they represent the feeders of lava 
flows; the parallelism between the dikes and tectonic lines of the 
same general age; dike-echelons (Permo-Carboniferous) possibly 
due to torsional stresses ; and the ultimate origin of dike fissures. 

Writing on “ The Rhythmic Eruptions of Ben Hiant, Ardna- 
murchan, a Tertiary Volcano,” J. E. Richey {Bull. Vole., Naples, 
S6r. II, III, 193S, 1-21) shows that the mountain consists of two, or 
perhaps three volcanic vents, mainly filled with agglomerate and 
tuff together with the renmants of their bounding walls, and of a 
transgressive intrusion of quartz-dolerite which forms the central 
peak. The main lavas involved are trachyte, andesitic pitchstone, 
and porphyritic basalt. Two stages of eruption occurred in these 
volcanoes; (1) formation of the initial cavity by explosion ; and 
(2) infilling by the products of a series of minor explosions. 

S. I. Tomkeieff describes the “ Petrology of the Carboniferous 
Igneous Rocks of the Tweed Basin ” {Trans. Edin. Geol. Soc., 
XrV, Pt. 1, 1945j 63-76). The lavas to the north of the Eden 
Water are mainly of Dalmeny and Jedburgh types; but in the 
Eden, Tweed and Teviot sections the lower group of lavas consist 
of Jedburghs and Markles, the upper group of Dalmeny and Dunsapie 
types. The lavas are highly altered, and in the author’s opinion 
the alteration is endogenous and due to the richness of the magma 
in water and COa- ’ 

“The Carboniferous Lavas of the Ballycastle District” des¬ 
cribed by the same author {Irish Nat. Joum., VIII, 1943, 67-‘72) 
are mainly of Jedburgh and Markle types. At Murlough Bay an 
altered basalt has an ellipsoidal upper part, but it is not certain 
whether , this is a true pillow-lava. 

E. M. Patterson has described ‘‘ A Xenolithic Minor Intrusion 
at SHevenagriddle, Co. Down ” {Qeol. Mag., LXXIX, 1942, 297-311). 
The Boam rock of the intrusion, winch is of Caledonian age, is identi- 

as markfieidite. Its marginal parts hre crowded with xenoliths 
6f sediments and vein-quartz. Feldspathic replacement rims 
rireomorphic T^ns are associated with the xenoliths, and are derived 
from them fey the'metasomatie action of the Stiiagma. 

in dracribing ^^The; Lundy Complex: its Petrology and Tec¬ 
tonics,” A. ‘J.T.:Doiar’(13wrt:^^^J^ Qeol. Soc., XOVn, 1941 , 
39^77) correlates the Lundy Sla^ Series With the Morte Slates Of 
Hdrth Devbnshite.» TLe 'granites' intrusive into them are so bifpi 
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those of Oomubia that they are assigned to the same parentage and 
age as the latter. A dike-swarm consisting of 120 major and 30 
minor dikes, with six sills, outs both the slates and the granite. 
They consist mainly of crinanites and olivine-dolerites, with quartz- 
dolerites and tholeiites, and a few orthophyres and trachytes. 
The main trend of the swarm is north-west to south-east and this, 
together with its petrographioal characters, permits the author to 
assign it to the Kainozoic. 

“ The Igneous Rocks of the Stanner-Hanter District, Radnor¬ 
shire,” described by N. Holgate and K. A. Knight Hallowes {Oeol. 
Mag., LXXVIII, 1941, 241-67), consist of fine-grained dolerites 
in thin sills, followed by gabbro possibly in laccolithic form, and an 
aplogranite magma with associated hybrid rocks. Later on quartz- 
porphyries and dolerites were intruded. These rocks occur along 
the line of the Church Stretton belt of disturbance and are now 
regarded as inliers of Pre-Cambrian age. 

The minor intrusions which intersect the folded Ordovician sedi¬ 
ments and pyroclastic rooks of the Shelve District of Shropshire are 
described by F. G. H. Blyth {Quart. Journ. Oeol. Soc., XCIX, 1944, 
169-204) as mainly basic rocks, but ranging from picrite to alkah- 
rich andesite. They include the famous Corndon Phacolith of 
dolerite which occupies a faulted dome in shales near the main 
anticlinal axis of the area. The intrusions are believed to have 
accompanied the folding that occurred at the end of Ordoviciap 
times. ^ 

“ Age Determinations of Carboniferous; Basic Rocks of Shropshire 
and Colonsay,” by W. D. Urry and A. Holmes {Oeol, Mag., LXXVIII, 
1941, 45-61), carried out by the hehum method for fine-grained 
basic igneous rocks, have shown that the oHvine-basalt of Little 
Wenlock iS; of Lower Carboniferous age, the analcite-oliyine-dolerite 
of the Clee Hills Upper Carboniferous, and the monchiquites of 
Colonsay late Carboniferous or Permian, with considerable proba¬ 
bility in favour of the latter. The last-named therefore, appear 
to belong to the same magmatic period as the Permian provinces of, 
Oslo and the Midland Valley of Scotland. 

“ The Barrow HiU Intrusion, South Staffordshire,” described 
by C E. Marshall Journ. Oeol. Sop., Cl, 1946, l77-r265), is 

a markedly transgressive and steeply-plunging mass of fine-grained 
analcitic oli^e“ba8alt which cuts the Middle Coal Measures and 
Etruria Marl.; Its form has be® determined not only by geologieal 
but by magnetic and resistivity survey. The intrusion, carries 
numerous xenoliths which, have been greatly altered by the. activity 
of , volatiles and late magmatic solutions. It is r^arded ;:!^ one of 
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the feeders or vents of the Midland Cycle of Coal Measures—Post- 
Carboniferous volcanic activity. 

A. G. Jhingram describes “The Cheviot Granite” [Qmrt. 
Journ. Qeol. 3oc.,'X.CVllI, 1943, 241-64) as of laccolithic form and 
as consisting of three main types: a fine-grained plagioclase-rich 
mairginal rock, a central area of coarse granite, arid an intermediate 
granophyric variety. The first two varieties carry both ortho¬ 
rhombic and monoelinic pyroxenes, but the granophyric type has 
biotite instead of pyroxene. Variability in the granite mass does 
not seem to result from contamination by the surrounding lavas, 
but Silurian greywackes and shales may have been responsible 
for the observed effects, although the poorness of the exposures 
introduces much uncertainty. 

In continuation of the studies of the Oslo petrographic region 
now proceeding (see Soibnoe Progebss, XXXIV, July 1946, p. 595), 
E. Saether has described “ The South-eastern Part of the Baerum- 
Sfirkedal Cauldron ” {NorsJce Vidensh.-Ahad. Oslo, I. Math.-Nat. Kl., 
1945, Wo. 6, 60 pp.). Tliis area is part of a cauldron of subsidence 
along a ring-fissure which is filled with nordmarkite-porpbyry. 
The adjacent external bed-rOck‘consists of Ordovician and Silurian 
sediments from which the overlying rhomb-porphyry lavas have 
been removed by denudation; Inside the ring-dike the lavas have 
been preserved, and the subsidence is thus calculated to amount to 
between 1000 and 2000 m. The lavas are injected by subjacent 
masses of syenite and akerite. Finally, a large intrusion of nord- 
markite at the roots of the volcano effected oontaot-metamorphism 
in both the lavas and sediments. ^ 

J- H. Lindal has described “The Interglacial Formation in 
ViSidal; Northern Iceland ” {Quart. Joum. Qeol. Soc,, X(JV, 1939, 
261-74). It is 70 m. thick and consists, in ascending .order, of 
moraines and fluvio-glacial deposits ; varved olaystones (lacustrine); 
fobiliferous sandstones with remains of alder, birch and willow, 
heather and grasses; river gravel and lavas; They occur on the 
flocar of a broad valley cut in the Tertiary lavas, and owe their 
preservation to a covering of basaltic lavas erupted at the end of 
the Interglacial stage.* It is thought that the phenomena indicate 
a mfejor retreat »of the ice sheet, not iherely a local recession and 
= re-advance."' 

A umqtie featme of Icelandic volcanicity is eruption under 
glaciers; and ice'CheCts, the characteristic product of which is the 

Palagohite ” fomiationv A, Noe-Nygaard has made a penetrating 
dtudy;^^ ''Sub-Glacial Volcanic Activity iii Ancient and Recent 
the Palagonite Systein of Iceland, No. 1) ‘’ {Fol 
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Oeogr. Danica, I, No: 2, 1941, 67 pp.), dealing, in turn, with its 
manifestations in the SiSa district in south central Iceland, as found 
below present-day ice sheets especially the VatnajOkull, and as 
revealed along the ice margins in the zones of oscillation of recent 
glaciers. He establishes a connection between tillites on the one 
hand, massive globular basalts and their breccias and associated 
intrusionvS on the other. He thus confirms, as he says, Peacock’s 
sub-glacial extrusion hypothesis. The very characteristic “ globu¬ 
lar basalts ” are believed to be due to melt-water rather than to 
actual contact with the ice. Palagonitisation, too, is regarded as 
due to glacial drainage water and, as a rule, began immediately after 
the outburst of sub-glacial volcanicity. ■ 

SkjaldbreiS is one of the most regularly-formed and perfect of 
the small shield volcanoes of Icelandic type. T. Tryggvason has 
made a thorough petrographic study of its products with six new 
chemical analyses {Bull, Geol, Inst, Upsala, XXX, 1943, 273-320). 
The lavas are basalts which have a remarkably high content of CaO 
and small amounts of alkalis—a chemical feature which seems to 
be characteristic of all the shield volcanoes of Iceland. According 
to this author the shield volcanoes may be analogous to the fissure 
eruptions, the difference being that fissure eruption takes place 
much more rapidly than that of shield volcanoes. 

T. Krokstrdm’s memoir Petrological Studies on some Basaltic 
Rocks from East Greenland ” is accompanied by a long Appendix 
by H. G. Backlund on The Field Position of some Basalts inter¬ 
mediate between the Northern and Southern Areas in East Green¬ 
land ” {Medd, om Qronland, 103, No. 6, 1944, 75 pp.). The basalts 
are Tertiary and come mainly from the Hurry Fjord area on Scoresby 
Sound. They consist mainly of olivine-dolerite, plagioclase-porphy- 
rite, and basalts. The plagioclase-porphyrite appears to be the 
sam© the porphyritic basalts of the Tertiary in West Scotland. 
Three new chemical analyses are provided as well as a wealth of 
mineralogical detail. Backlund’s Appendix is mainly devoted to 
showing that sill-intrusion may have been instrumental in building 
the thick and regular basalt formation of East Greenland to a much 
greater extent than has hitherto been thought. 

In a discussion of Fractional Crystallisation of Basaltic 
Magmas H Kuno {Jap, Journ, Geol. ds Geoglr.^ ^XV^ 1937,189-208) 
uses analyses of basalts from Mull, Hawaii, the Deccan, the Karroo, 
Oregon and Iceland, and shows that there is a definite paragenMxc 
relation between the normative feldspars and pyroxenes; Feldspars 
comparatively rich in An and Or tend to consort with pyroxenes 
rich in Bn alone or in En and Wo ; whereas feldspars rich in Ab teUd 
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to be associated with pyroxenes rich in Fs and Wo, or in Fs alone. 
These relations are held to imply that the basalts are differentiates 
from a more basic magma which is identified as oHvine-rich euorite. 
This parental magma may give rise to an alkaline series on the one 
hand, or to a calc-alkali series on the other, according to differences 
in the degree of reaction between the early-formed crystals and the 
residual liquids. 

The “Igneous Geology and Structure of the Mount Taylor 
Volcanic Field, New Mexico,” has been described by C. B. Hunt 
iU.S. Oeol. Surv. Prof. Paper, 189-B, 1938, 51-80)! The first 
eruptions of dacite and andesite took place in Miocene times from 
Mt. Taylor, a conspicuous volcano which, although considerably 
lowered by erosion, still shows a central caldera. It is estimated 
to have included at least 12J cubic miles of eruptive rocks. This 
eruption was followed in Pliocene times by a large number of basalt 
sheets erupted from small cones. Erosion has cut downwards 
about 2000 ft. and the lavas now cap high mesas, wliilo the volcanoes 
are marked by prominent plugs of basalt and volcanic breccia. 

Mt. Baker, the northernmost of the great Cascade volcanoes, 
has been described by H. A. Coombs {Bull. Oeol. Soc. Amer., 50, 
1939, 1493r510). The actual cone is 6000 ft. in height and 8 miles 
in diameter. Eruption began in the Pleistocene and continued into 
historic times. The lavas are all pyroxene-andesites containing a 
hypersthene with inclined esdiinction. 

“The Petrographic Province of Centrai Montana,” described 
by E. S. Larsen {Bull. Oeol. 8qe. Amer., 51, 1940, 887-948), is arbi¬ 
trarily defined to include the Tertiary igneous. rocks along the 
■ eastern flanks of the Rooky Mountains from the Yellowstone Park 
on the south to the Canadian boundary on the north. Each of 
the numerous mountain ranges in this region consists of one or more 
sub-provinces of igneous rocks. Thus, the Yellowstone Park 
contains at least three, the Highwood Mountains four, and the 
Bearpaw Mountains seven. The felsio rooks of all the provinces 
tend towards a common granitic type, but the mafic rooks differ 
much more widely; They range from basalts or gabbros to ortho- 
clase-gabbKis; plagioelase-shonkimtes, and ordinaiy shonkinites. 
Bichaessin potash is a common but not invariable chemical charac¬ 
teristic. The primary magmas are believed to be represented by 
the mafic rooks, and to have been derived by the removal of calcic 
plagioclase and: hyperathene from primordial basalt in depth. 
Variation in e^h sub^proyinoe. is ascribed to crystal settling combined 
yrith assimifotioh of ^aiatic mate in those provinces in which 
quartzo-feidspathic .rooks are present.! ^ ^ 



GEOLOGY 


793 


The comprehensive monograph, '' Igneous Rocks of the High- 
wood Mountains, Montana,” by E. S. Larsen, C. S. Hurlbut, Jr., 
D. Griggs, B. F. Buie, and C. H. Burgess {Bull. Oeol. So6. Amer,, 
50, 1939, 1733-868), consists of seven parts, dealing resjjectively 
with the Laccoliths, the Extrusive Rocks, Dikes and related Rocks, 
the Stocks, Contact Metamorphism, Mineralogy and Petrology. A 
contribution of outstanding importance is that on the Laccoliths, 
by C. S. Hurlbut, in which the famous Shonkin Sag intrusion of 
great controversial interest is dealt with. The field and laboratory 
observations on this and the other laccoliths are explained on the 
basis of the theory of differentiation in place. This theory postulates 
the settling of heavy crystals accompanied by minor rising of leucite 
in the cooling body of magma. 

W. T. Pecora, in a paper on “Structure and Petrology of the 
Boxelder Laccolith, Bearpaw Mountains, Montana ” (Bull. GeoL Soc. 
Amer., 52, 1941, 817-54), describes the intrusion as a partly eroded 
laccolith of the Shonkin Sag type about 2 miles in diameter and 
450 ft. thick. An upper layer of cliff-forming syenite 120 ft. thick 
grades downwards into a coarse friable shonkinite 175 ft. thick. 
Below this there is a cliff-forming shonkinite 40 ft. thick, and a 
friable “ ribboned ” shonkinite 50 ft. thick, in which the “ ribbons ” 
consist of syenite bands tliin and closely spaced near the base, but 
becoming thicker and more widely spaced upwards. Qualitatively 
the rocks are much alike, the variations being caused by differences 
in the relative proportions of the minerals. Crystal settling in 
place accounts for the major differentiation. The syenite ribbons 
are ascribed to local segregation of residual liquid from the 
crystallising shonkinite. 

From another intrusion, the Rocky Boy Stock, Bearpaw Mts., 
W. T. Pecora {Amer. Min., 27, 1942, 397-424) describes a mass of 
alkaline rocks with nepheline-syenite-pegmatites which bears a 
close resemblance to those of the Kola Peninsula. The stock 
occupies 12 square miles and consists of pyroxenites, shonkinites, 
syenites, nepheline-shonkinites, and nepheline-syenites. The peg¬ 
matites are characterised by containing strontium-, titanium-, and 
zirconium-bearing minerals. 

J. 'B. Lyons has described the “ Igneous Rocks of the Noithem 
Big feelt Range, Montana ” (Bull. Oeol. Soc. Amer., 55, 1944,445-"72). 
The range is underlain by Cretaceous potash-rich trachybasalts 
which were extruded on to an eroded surface of Cretaceous sedi¬ 
ments, and were folded with them into anticlines and synclines of 
north-western trend. The trachybasaltic breccias, agglonierates 
and flows, 3200 ft. t^iick, are intruded by many chdnolitha, sills 

3f 



SCIENCE EEOGRESS 


794 

and dikes ranging from gabbro to quartz-monzonite. Some of the 
trachybasalts carry an abundance of phenocrysts of primary arialcite. 
The evidence favours crystal settling as the cause of magmatic 
differentiation within the province. 

A detailed investigation with 16 chemical analyses of the Palisade 
Diabase Sill of New Jersey by F. Walker {Bull. Oeol. Soc. Amer., 
51, 1940, 1069-106) has fully substantiated the citation of this 
intrusion as a typical case of gravitational differentiation. The 
main differentiation of the sill was effected by the settling of early- 
formed olivine crystals followed at a later stage by pyroxenes, 
resulting in the formation of an olivine-rich zone near the base of 
the sill. Pegmatite veins and schlieren, followed by strong hydro- 
thermal activity, characterised the later stages of crystallisation. 
The final magmatic residues were highly sodic and gave rise to thin 
quartz-albite-pyroxene veins near the margins. This sequence of 
events seems to be typical of quartz-dolerite sills the world over, 
but the actual formation of an olivine-rich layer is exceptional. 

In a paper on “ Phase Petrology in the Oortlandt Complex, New 
York,” S. J. Shand (Bidl. Geol. Soc. Amer., 53, 1942, 409-28) com¬ 
bines Balk’s study of the structure of the mass with his own and 
G. S. Rogers’s petrographical work. The Oortlandt Complex con¬ 
sists of rocks ranging from peridotite and pyroxenite, through 
norite, to diorite. Balk showed that the complex was a funnel- 
shaped pluton, within which three smaller funnels are developed. 
Rogers’s petrographical map does not correspond with Balk’s 
structural map, and Shand finds the explanation of the discrepancy 
in the indefinite character and delimitation of Rogers’s rock-species. 
To imderstand the complex then requires the abandonment of 
"^eoies petrology ” in favour of “phase petrology,’’ or the map¬ 
ping of critical mineral phases of which hornblende is the most 
promising. On this basis a satisfactory agreement between 
petrography and structure is established. 

The “ Anorthosite and Associated Rocks about Nain, Labrador,” 
described by E. P. Wheeler, 2nd (Joum. Qeol., 50, 1942, 611-42), 
molude an anorthositie gabbro-diorite group with a younger diorite, 
an adamellite group with tonalite and monzonite ; dike rocks and 
pe^atites ; gneisses with garnet, cordierite and graphite indicating 
original sedimentary components. Small masses of ultrabasio 
composition are pirobably to be regarded as skams. Banding and 
^amilatipn in thO i^eous rocks are primary, and the anorthosite 
inass, at least, in part j has a basement 

J/M. Harrismi describes “ Anorthosites in South-eastern Ontario, 
Oanada Qeoh Soc. Amer., 55> 1944, 1401—30), which are 
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associated with gabbros and related types. The evidence indicates 
that the parent magma had a composition about gabbro-anorthosite. 
The more feldspathic masses are at a lower level in the crust than 
the more ferro-magnesian. It is suggested that the upward con¬ 
centration of the dark minerals was accomplished by rising volatile- 
rich fluids which carried iron, titanium, phosphorus, etc., and by the 
assimilation of Kmy sediments. The igneous rocks are injected 
into the Grenville sediments and a granitic formatioil. 

The paper on ‘VMafic and Ultramafic Rocks of the Baie Verde 
Area, Newfoundland,” by K. de P. Watson {Journ. OeoL, 51, 194S, 
116-30), is a discussion of the field relations, petrography and 
chemical composition of a group of igneous rocks characteristic of 
geosynclinal belts ; i.e. greenstones (with piUow lavas), metagabbros, 
and ultrabasic rocks, including harzburgite and serpentine. Adja¬ 
cent to a large mass of quartz-diorite the metamorphism of the 
greenstones has been heightened to that of the amphibolite facies. 
It is suggested that the rocks are Taconic (Ordovician) in age. 


PLANT PHYSIOLOGY. By Pbofbssor Walter Stiles, Sc.D., F.R.S., 

The University, Birmingham. 

Respiration. —^The writer has recently published a review of the 
advances in our knowledge of plant respiration during the decade 
1935-45 {BoL Rev,, 12, 165-204, 1946). Since this was written a 
number of publications on this subject have been received. The 
writer had pointed out that there was a tendency for the term 
anaerobic respiration ’’ to be replaced by “ fermentation,” but 
4hat apart from the question of brevity there appeared to be little 
advantage in the change. W. Seifriz Anaerobic respiration,” 
Science, 101, 88-9, 1945) also expresses the view that no changedn 
nomenclature of this kind is called for and argues for the broadening 
of the meaning of respiration so that it includes all biological 
energy-jdelding reactions. 

The case for the replacement of the term anaerobic respiration ” 
by “ fermentation ” has been stated by D. R. Goddard Anaerobic 
respiration or fermentation,” ;Scic?^ce, 101, 352-3, 1945). The chief 
arguments against the use of the term anaerobic respiration are that 
this process can occur in the presence of oxygen and that it leads to 
a confusion of ideas since a degradation of a quantity of hexose in 
aerobic respiration will give.three times as much carbon dioiide 
as that yielded by the breaking down of the same quantity Of hexqse 
in anaerobic respiration. To the present writer there seeius to be 
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little fotce in the second argument, the case against the continued 
use of anaerobic respiration resting entirely on the first argument. 

The apple has formed a favourite subject for respiration studies. 
A simple apparatus for determining the rate of respiration and the 
respiratory quotient of apples has been described by S. M. Sykes 
(“ A modified respirometer for studies on the respiratory quotient 
of apples,” Proc. Linn. Soc. N.8.W., 69,, 87-90,1944). The principle 
of the apparatus is that of the Barcroft differential manometer. 
Two vessels, each of about 500 ml. capacity and consisting of two 
thick-walled hemispheres with flat ground flanges which can be 
quickly sealed together with petroleum jelly and as readily separated, 
are connected by a capillary glass tube as in the Fenn type of 
differential manometer. The apparatus is used in the same way 
as other typesi of differential manometer, except that soda-lime is 
used as the absorbent of carbon dioxide in the vessels when oxygon in¬ 
take is measured. To determine the respiratory quotient success! ve 
measurements are made with the same apple, first with soda-lime 
present in the vessels and then without any absorbent. The two 
measurements provide data from which oxygen absorption, carbon 
dioxide evolution and hence the respiratory qtiotient can be calculated. 

A number of papers dealing with the respiration of apples have 
been published by Miss F. M. V.. Hackney (“ Studies in the meta¬ 
bolism of apples, II. The respiratory metabolism of Granny 
Smith apples of commercial maturity after various periods of cool 
storage,” Proc. Linn. 8oc. N.8.Wi,.6S, 33-47, 1943; “III. Pre¬ 
liminary investigations on the effects of an artificial coating on the 
respiratory metabolism of Granny Smith apples after various 
periods of cool storage,” ibid., 68, 48-66, 1943; “IV. Further 
studies in the respiratory metabolism of Granny Smith apples, with 
special reference to the importance of oxygen supply,” ibid., 69, 
91-107,1944 ; “ V. The respiratory metabolism of Delicious apjjles 
of commercial maturity after various periods of cool storage,” 
ibid., 69, 108-19, 1944). In the first of these papers measurements 
were made by means of the Pettenkofer method of Granny Smith 
apples kept in storage at 1° C. Determinations were also made of 
the concentrations of oxygen and carbon dioxide in the internal 
atmosphere of the apples, and fcom the respiration rates and internal 
gas concentrations the resistances of the skin to the passage of oxygen 
and carbon dioxide were calculated. Samples of apples were 
withdrawn &6m store after various times and the course of respira¬ 
tion at 18-3° or 21° C. followed for usually several: weeks. With 
apples that had been in storage for periods up to 3 or 4 months the 
respiration rate fell steadily over the periods of observation at the 
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higher temperatures. This fall in respiratory activity ran parallel 
with falling internal oxygen concentration and increasing resistance 
of the sldn to gaseous diffusion, and it was concluded that the 
respiration of the fruit at this stage was controlled by the internal 
oxygen concentration. Later the respiration rates, although 
generally tending to fall, showed marked fluctuations. The internal 
oxygen concentrations also showed fluctuations, but the fluctuations 
in respiration rate did not appear to be directly related to these. 
Except in very old samples the resistance to diffusion of oxygen 
generally rose. In these later stages of storage the internal con¬ 
centration of oxygen appeared to result from two factors, respiration 
rate and resistance of the skin to the diffusion of oxygen. Deter¬ 
mination of the alcohol content of apples suggested that a small 
amount of anaerobic respiration occurs as a result of oxygen shortage 
in low concentrations of this gas. 

Miss Hackney’s second paper gives an account of similar work 
with apples coated with a 10 per cent, solution of castor oil and 
shellac in alcohol. This increases the resistance of the skin to the 
diffusion of carbon dioxide. The general effects of this treatment 
were found to be a lowering of the internal oxygen concentration, a 
temporary increase in the internal carbon dioxide concentration, 
and a lowering of the rate of respiration. As regards the last in 
samples removed early from store (after 3 to 16 weeks in storage) 
the respiration fell continuously for 6 to 8 days to an approximately 
constant rate. With apples that had been longer in store (for 20 
to 31 weeks) the respiration rate rose very soon after the fruit was 
coated to a maximum and then fell continuously. 

In the next paper measizrements were made of the respiration 
rate and composition of the internal atmosphere of immature apples 
picked at various stages of development and on mature fruits kept 
at 0®C. and removed from store after various periods of storage. 
It was found that with immature fruits the respiration rate de¬ 
creased as the age of the fruit at picking increased until about 6 
weeks before the ^normal time of harvesting the fruit. Although 
the internal oxygen concentration decreased slightly and the internal 
carbon dioxide concentration rose slightly during development, the 
respiratory quotient remained approximately at unity. 

The‘ course of respiration at 18*3° C. of mature fruits taken 
from storage at 0° C. depended on the length of time the fruit had 
been in store. After storage for periods of less than 4 months the 
respiration rate generally rose to a maximum which was reached 
shortly after removal from storage and then fell continuously. This 
progressive decrease in respiration rate was associated mth de- 
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creasing internal oxygen concentration and increasing resistance of 
the skin to the diffusion of oxygen. After a longer time in storage 
the respiration rate at 18-3° 0. fell continuously from the time of 
removal from store. In these apples the internal oxygen concen¬ 
tration showed little change over the period when the respiration 
rate was measured, but the resistance of the skin to the diffusion 
of oxygen, high initially, generally increased. 

A number of observations were made on the respiration of 
apples in pure oxygen. These showed that the respiration rate of 
immature fruits was about the same in oxygen as in air, but the 
respiration of mature fruits increased as a result of transference 
from air to pure oxygen, provided the fruit had not been in store 
for more than 4 months. 

The general conclusion drawn from the work on respiration of 
Granny Smith apples is that throughout the greater part of the life 
in storage of these apples oxygen supply is the main factor limiting 
the rate of respiration. 

The last of Miss Hackney’s papers deals Avith similar observations 
on anotheF variety of apple, Delicious. With these the parallelism 
between respiration rate and internal oxygen concentration was only 
sometimes, and not generally, observed. Frequently the respiration 
rate fell without change in the internal oxygen concentration, so 
that it would seem that a factor other than oxygen supply may 
limit the respiratory intensity of apples of this variety. 

The effect of oxygen concentration on the respiration of another 
fruit, the avocado, has been examined by J, B. Biale (“ Effect of 
oxygen concentration on respiration of the Fuerte Avocado fruit,” 
Armti J. jBotv, 33, 363-73, 1946). The respiratory activity of the 
firait was determined by passing a stream of gas of known composition 
free from carbon dioxide over the fruit and then absorbing the 
carbon dioxide evolved by the fruit with standard sodium hydroxide 
and titrating against standard hydrochloric acid. For the simul¬ 
taneous determination of carbon, dioxide evolved and oxygen 
absorbed a closed system was used, the actual procedure being a 
modification of that described by Haller and Bose 14 years ago. 

:' Eespirataon I. at 15® C. was measured with oxygen-nitrogen 
mixtures vatrying in oxygen content from 0 and 2-6 per cent to 99*4 
per cent. Experiments at 10°, 7-6° and 6°C. were also carried out 
with oxygen concentrations of 2-5, 5-0 and 10-0 per cent, and with 
air. At oxygen concentrations of 30 per cent, and over the course 
and magnitude of respiration did not appreciably differ from that in 
air, but when the oxygen concentration was lower than that of air 
both' l^ and intensity of respiration was affectedj the 
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climacteric peak being both delayed and lowered with decrease in 
oxygen concentration, while in absence of oxygen the climacteric 
rise did not occur and the rate of carbon dioxide evolution was very 
low. The course of oxygen absorption ran closely parallel with that 
of carbon dioxide evolution. With fruit in air there was, however, 
a slight tendency for the respiratory quotient (R.Q.) to increase to 
a maximum of 0-948 two days before the climacteric peak was 
reached, after which the R.Q. slowly fell. A similar change in the 
value of the R.Q. for the pre-climacteric period was observed with 
10 per cent, oxygen, but -with 5 per cent, oxygen the R.Q. fell during 
the pre-climacteric period from 0-922 on June 17 to 0-806 on June 
22, followed by a rise to 0-960 on June 29 after the peak. With 
2-5 per cent, oxygen there was a continuous rise from 0-784 on 
June 19 to 0-985 on July 1. 

Temperature appeared to have a definite effect on the relation of 
respiration to oxygen concentration, the effect of the latter being 
less the lower the temperature. 

A comparison of the rate of carbon dioxide evolution in air and 
in nitrogen by a number of different plant organs has been made 
by 0. 0. Appleman and R. G. Bro-wn (“ Relation of anaerobic to 
aerobic respiration in some storage organs with special reference to 
the Pasteur effect in higher plants,” Amer. J. Bot., 33, 170-81, 1946). 
The material used included potato tubers, roots of turnip and 
parsnip and onion bulbs after short exposure to, low temperature, 
potato tubers after storage for a long period at various temperatures 
and under different conditions of humidity, potato tubers and carrot 
and: parsnip roots at low (1-5° to 3-5° 0.) and high (22° to 28° 0.) 
temperatures, maize and tomatoes at different stages of ripening 
and at low and high tenlperatures-. 

The carbon dioxide output in air and in nitrogen was measured 
on similar material in parallel experiments, a continuous flow of 
gas being used and the carbon dioxide evolved being absorbed in 
standard sodium hydroxide, which was then titrated against standard 
hydrochloric acid. The rate of output of carbon dioxide per hour 
in nitrogen to that in air (I/N) was then calculated. Where this 
ratio exceeded 1/3 it may be concluded that the Pasteur effect 
operated. The investigators found that in some organs the ratio 
I/hf was close to 1/3; these organs included maize (green ?weet 
com) at 27° 0., potatoes (var. Russet Burbank) and onion bulbs 
after removal from cold storage, and potatoes both after wounding 
and after treatment with ethyl bromide. With most organs tl^ 
ratio Was much higher, notably with two varieties ^ poi^to (Irish 
Cobbler and McCormick), and rQots-<ff carrot and parsnip,.; pie 
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result with carrot thus confirms the previous finding of Choudhury 
(Proc. Boy. 8oc. B, 127, 238-257, 1939). 

A paper on the relation between respiration and cell division in 
plants has been published by A. V. Beatty (“ Respiration and cell 
division in plants. I. Oxygen consumption and coll division in the 
leaves of LdgiistTum hicidum and H&de,Ta helix,” Amer, J. Bot., 33, 
145-8, 1946). To measure oxygen consumption a modified form of 
the Warburg manometer was used while values for the extent of cell 
division were obtained by determining the number of mitoses at 
horrrly intervals between 6 p.m. and 8 a.m. in leaves of Liguatrum 
htcidiim and between 6 p.m. and 6 a.m. in leaves of Hedera helix. 
Curves were plotted between mitotic frequency and time and 
between oxygen consumption per g. per hour and time for the same 
period. The investigator concludes that for both species the graphs 
showing Oxygen consumption against time and mitotic frequency 
against time have common characteristics and that a correlation 
between the two processes is therefore indicated. 

ENTOMOLOGY. By A. D. Lees, M.A., Ph.D;, Agricultural Rcjsoarch 
•.: Council, Unit of Insect Physiology, Cambridge. 

The Control op Moultino and Metamorphosis in Insects. —It 
has now been known for many years that moulting and meta¬ 
morphosis—two of the most dramatic events in the insect’s life— 
are under the control of hormones which circulate freely in the 
blood. The source of the hormones concerned is in many cases 
uhknowii but in different insects the endocrine functions of three 
Organs in partioulai have been proved. They are the corpora allata, 
Smait roundish bodies lyulg above the aorta and behind the brain ; 
the corpora cardiaca, glandular organs closely associated with the 
corpora- allata and innervated by nerves arising from the posterior 
region of the brain ; and finally the brain itself. 

Two theories have been proposed to account for the initiation 
Of moulting and metamorphosis. On the one hand, two interacting 
hormones may be concerned: the one activating the adult poten¬ 
cies Of the tissue and leading to growth and differentiation ; the 
othei a juvehile or inhibitory hormone which restrains development 
toi^rds the adult state. On the other hand, the alternative theory 
seeks to show that moulting and metamorphosis are each controlled 
by a pafticulat hormone. The first possibility has been shown to 
be cofrect in the blOod-sueking bug Bhodnius (V. B. Wigglesworth, 
1940, J. exp. Biol., 17, 201). Here the moulting hormone is secreted 
by the large fuchsinophil cells in the dorsal part of the brain and 
inhibitory hdnhone by the unpaired corpus allatum. There 
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are five nymphal stages in Bhodnius. The attainment of the adult 
state after the fifth moult is accompanied by far-reaching changes 
in the cuticle structure, external genitalia and wings. During the 
first four moults both moulting and inhibitory hormones are 
secreted, but at the fifth moult the corpus allatum ceases to secrete 
inhibitory hormone and the insect becomes adult. Even in the 
adult insect, however, the epidermis can still respond to the two 
hormones. Thus when the bug is transfused with the blood of 
two moulting fifth-stage nymphs it can be made to moult, again 
laying down cuticle of the adult type. What is more remarkable 
still, metamorphosis is partially reversible, for if the moulting adults 
are provided with inhibitory hormone by joining them with young 
moulting nymphs the less specialised of the imaginal structures, 
such as the general cuticle and bristles, become nymphal again. 

The corpora allata have a similar function in other developing 
insects. Recently Pfeiffer {Trans, Conn, Acad, Arts <b 8ci,, 1945, 
36, 489) has shown in the grasshopper Melanoplus that when adult 
corpora allata are transplanted into fifth-stage nymphs, the insects 
undergo one or two supernumerary moults, instead of becoming 
adult after the sixth moult. After the first extra ecdysis some 
insects became adult but others remained nymphal in appearance, 
having short wings aiid greenish instead of yellow blood. It is 
interesting that the presence of additional quantities of inhibitory 
hormone from the implanted corpora allata should prolong the 
production of moulting hormone. 

In the case of the wax moth Galleria also, an extra larval moult 
can be induced, and pupation prevented, by implanting corpora 
allata from young larvae into nearly mature larvae (H. Piepho, 
Biol, Zbl, 1940, 60, 367). 

Among the higher Diptera the situation is complicated by the 
fact that corpora cardiaca and corpus allatum are fused into a 
single organ—^Weismann’s ring or the ring gland as it is now known. 
A developmental study in Drosophila has shown that the embryonic 
ring gland includes the following components : small dorsal cells 
derived from the ectoderm and representing the single median 
corpus allatum; large cells in the lateral part of the ring which 
arise from the dorsal wall of the stomodseum and represent the 
paired larval corpora cardiaca ; and very small ventral cells closely 
associated with the hypocerebral ganglion. The latter are the 
imaginal cells of the corpora cardiaca (D. P. Poulson, Trans. Conn, 
Acad, Arts db Sci.t 1945, 36, 449). 

It has been known for some years , that the pr^ence of the ring 
gland is necessary for the formation of the puparium in, higher 
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Diptera. Recently the ring gland has been shown to induce larval 
moulting and also diflferentiation of the imaginal buds. The con¬ 
trol of moulting in Drosophila has been demonstrated by trans¬ 
planting the heads of young larvae deprived of the brain and ring 
gland into male flies together with the ring glands from mature 
larvae (D. Bodenstein, Biol. Bull., 1944, 86,113). The larval heads 
then undergo one or two moults, as can easily bo judged by the 
presence of two or three pairs of mouth hooks. Metamorphosis at 
the level of single organs is illustrated by the course of develop¬ 
ment of the larval salivary glands of Drosophila which are made 
up, as are the other organs, of both larval and imaginal cells. At 
metamorphosis the larval cells are histolysed and the imaginal cells 
differentiate to give rise to the adult gland (D. Bodenstein, Biol. 
Bull.; 1943, 84, 13). Larval salivary glands undergo metamor¬ 
phosis if transplanted together with the ring glands from mature 
larvae into the abdomen of male flies, while failing to do so in the 
absence of the ring gland. If the transplanted glands are from 
very young larvae they respond to the hormone first by growth and 
only afterwards by differentiation. Bodenstein therefore views 
imaginal development as a balance between the effective level of 
the hormone and the competence of the tissue to react. In the 
absence of precise knowledge of the functions of the different parts 
of the ring gland, it is still undecided whether the differentiation 
of the imaginal discs is due to release from the influence of an 
inhibitory hormone or to activation by a particular hormone 
favouring differentiation. 

As the last examples show, the corpus allatum of insects belong¬ 
ing to several different orders secretes a hormone which is inhibitory 
in nature. And this is true not only of mseots with incomplete 
metamorphosis such as the stick insect DivAppus, Bhodnim and 
Mdarioplus, but of insects with complete metamorphosis, such as 
certain Lepidoptera {Galleria and the silkworm Bomhyx). There 
is less apparent uniformity as to the origin of the moulting hormone. 
In Rhodnius and. probably in Lepidoptera it is secreted by the 
brain; m others again, like Melanoplus, the corpus cardiaoum has 
a oertain influence, for moulting is delayed but not prevented by 
the extirpation of these organs. Finally, in the higher Diptera the 
brain is without influence and moulting is controlled by the ring 
gland-^perhaps by the cardiaoum component entirely. Scharrpr 
and Scharrer /{Biol. BuM., 1944, 87, 242) point out that the dorsal 
' part Of the brain (pars cerebraUs) and the' corpora cardiaca may 
best be Considered as a single system.; The histological evidence 
as IieaBc^feea rests: on the observation that the 
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neurosecretory cells of the brain innervate the corpora cardiaca and 
secretory droplets of believed physiological significance can be traced 
along the nerve fibres into the organ, whose cells may also contain 
deeply staining colloid masses. A striking analogy can be drawn 
between this system and the association of brain and pituitary in 
the Vertebrata. In both cases neurosecretory cells in the brain 
innervate a composite endocrine organ ; and in both cases the non- 
neural component, the posterior lobe of the pituitary and the corpus 
allatum in insects, exerts a controlling influence on growth and 
ovarial function. The significance may lie in the close association 
of the brain and the master glands.” 

The Control OF Ovarial Development. —The role of the 
corpora allata in controlling the growth and function of the ovary 
in the adult insect was first described in RJiodnius. In recent years 
a similar function has been revealed in other insects. After emer> 
gence the female Melanoplus lays down abundant fat in the fat 
body but the ovaries at first only develop to a stage when yolk 
deposition is about to begin (I. W. Pfeiffer, J. exp. Zool., 1945, 99, 
183). The end of this phase is marked by a rapid depletion of the 
fat reserves and full maturation of the oocytes. If the corpora 
allata are removed at emergence this change does not occur: the 
fat body goes on building up while the ovaries remain starved. 
When, on the other hand, the grasshopper has the ovaries removed 
and the corpora allata left intact a very drastic depletion of the 
fat reserves take place at the normal time. Moreover, owing to 
the accumulation of unused precursory substances in the haemo- 
lymph there are upsets in the water balance often resulting in a 
large increase in blood volume. Pfeiffer concludes that the cor¬ 
pora allata control the mobilisation of stored fat through the agency 
of a metabolic hormone. The ovaries in their turn may influence 
the corpora aUata and prevent excessive depletion of the reserves. 

In the dytiscid beetles—^insects with a very long adult life— 
the corpora allata govern the course of the ovarian cycle (P. Joly, 
Arch. Zool. exp. eigen., 1945, Sift, 49). Most species lay their eggs in 
the spring, the time of oviposition being inborn and little influenced 
by external variations in temperature and light. If ten pairs of 
corpora allata are implanted in female beetles in midwinter they 
are induced to ripen and lay their eggs out of season. If, on the 
other hand, the corpora allata are removed from the egg-laying 
beetles, regression of the ovaries soon follows. The corpora; cardia^^ 
are also implicated in some way, for in their absence, the corpora 
allata atrophy. During that part of the year when maturation 
does not norihally take place^ the oocytes grow to a stage wh(^ 



804 


SCIENCE PROGRESS 


they are ready to receive yolk but then they regress and are re- 
sorW. The function of the corpus allatum hormone is to carry 
the growth nf the oocytes past this critical stage, after which they 
become refractory to regression. 

The development of the ovaries in the higher J^iptera is also 
under the control of the corpus allatum. In the blowfly GalUphora 
the corpus aUatum is small and flat when the adult emerges but 
becomes greatly enlarged as the ovaries ripeir (E. Thomsen, Dansk 
NaturMst. Forening, 194:2, 106,> 320). After extirpation of the 
corpus allatum maturation of the ovaries does hot take place. 
The male corpus allatum is as ejBfective as the female gland in pro¬ 
moting ovarial growth but, as in other insects, the hormone is not 
necessary for the production of ripe sperm. In addition, there is 
a reciprocal influence of the ovary on the corpus allatum, for in 
the absence of the ovaries the gland hypertrophies. Whether the 
ovaries secrete a hormone controlling the growth of the corpus 
allatum or whether the increased size is due to the storage of 
hbrmone is not fully understood. 

In several insects the maturation of the ovaries can be stimu¬ 
lated by hormone from the corpora allata of a different species. 
Thomsen has shown, for example, that the ovaries of Gallvpliora 
will mature if transplanted into a blowfly of the genus Lucilia and 
vice versa. On the other hand, Vogt (Biol. Zbl., 1941, 61, 242) has 
described several cases of hormone specificity among species of 
Drosophila. For example, larval ovaries of D. fv/rtebris transplanted 
into B. virilis hosts fail to develop beyond the stage when yolk 
is about to be deposited in the oocytes; but when \mo fwmbris 
ring glands are implanted as well, full maturation takes place. 

The Bbbaedown oe BLemoglobik and Chlorophyll by 
BLOOD- stroKiNG AND Plant-ebbding Insbots. —The fate of most 
ingested food substances in the body of the insect are difficult to 
follow with any precision but, in the particular ease of insects- 
feeding on blood or on green vegetation, spectroscopic examination 
of the distribution of the pigments in the tissues may yield a wealth 
of detailed information. Such a survey has recently been made in 
a number of blood-sucking arthropods (V. B. Wigglesworth, Froc. 
Boy. Moc. B, 1943, 131, 313). In the blood-sucking bug Bhodnim 
most of the hsemoglobin ingested is broken down in the gut, the 
globin fraction being absorbed as food and the black residue of 
h»matin excreted.,: A small pant of the protein is not digested, 
however, but is absorbed and circulated in the blood as kathsemo- 
^obin'. Some of tMs pigment, in a slightly changed form, is taken 
■W'bydihe salivary glands which assume a bright cherry-red colour* 
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The same pigment is also transferred to the eggs which become 
salmon pink; as the bug develops this is concentrated in the 
stomach and after hatching is digested to yield globin and hsematin, 
just as in the parent insect. Even before it has had an opportunity 
to feed, therefore, the young bug gives the appearance of having 
taken a small blood meal. The hsemolymph pigment is also taken 
up by the pericardial nephrocytes and by the epithelial cells of the 
gut wall. Here it undergoes further changes and is degraded to 
biliverdin and other pigments. Biliverdin accumulates in the 
nephrocytes, which become bright green, or is excreted into tl^e gut 
lumen. While this breakdown is taking place the cells become 
laden with a deposit of free iron. 

In other blood-sucking insects the great bulk of the haemoglobin 
is broken down in the gut in a similar way to give haematin. But 
other details of the haemoglobin katabolism show almost endless 
variations, even in closely related species. In mosquitoes and the 
flea no blood pigment is absorbed from the gut. In the bed-bug 
Oimex the absorbed pigment is degraded no further than proto- 
haematin. Only in the louse Pediculus and in the reduviid bugs 
are bile pigments formed. 

The fate of chlorophyll, a magnesium containing porph37rin, 
presents some similar features to the breakdown of haemoglobin 
after ingestion by insects. It has been studied in the squash bug 
Anasa tristis (R. L. Metcalf, Ann, Ent. 8oc. Amtr,, 1945, 38, 397). 
In this species chlorophyll is broken down in the gut and free 
magnesium is present both in the gut lumen and in the circulating 
haemolymph. The testes, salivary glands and epidermis are reddish 
in colour owing to the presence of ruby red crystals of what are 
probably pheophorbides. The presence of these bodies therefore 
denotes that the chlorophyll molecule has been deprived of its 
magnesium and phytil groups. The fat body again is apple green, 
the colour being due to a chlorophyll derivative of the bile pigment 
type. No pigment is transferred to the eggs. But unlike hsemo- 
globin, the ingested chlorophyll can have no value as food for the 
adult, or for the developing insect. , / 
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Miscellanea 

The honours list published on the occasion of H.M. the King’s 
birthday included the following awards: Baron: Sir William Bever¬ 
idge. K.O.B.: Mr. G. S. Wright, director of scientific research, 
Royal Naval Scientific Service. K.O.M.O. : Prof. P. H. Buck, 
professor of anthropology, Yale University. K.B.E. : Dr. J. 0. 
Fryer, secretary of the Agricultural Research Council; Prof. 
J. E. Lennard-Jones, Plummer professor of theoretical chemistry 
in the University of Cambridge. Knights : Prof. C. Burt, professor 
of psychology. University College, London; Mr. H. Clay, warden 
of Nuffield College ; Major-General G. Coveil, director of the Malaria 
Institute of India, Delhi; Dr. D. L. Keir, vice-chancellor of the 
Queen’s University^, Belfast; Prof. K. S. Krishnan, professor.of 
physics in the University of Allahabad; Mr. P. R. Morris, vice- 
chancellor of the University of Bristol; Dr; C. C. Paterson, director 
of the Research Laboratories, General Electric Co,, Ltd.; Mr. 
H. L. Saunders, comptroller-general of the Patent Office. C;M.G.: 
Mr. G. F. March, director of agriculture and forests, Sudan Govern- 
itnent; Mr. N. A. Mddlemas, director of surveys, land officer and 
commissioner of mines, Uganda ; Colonel S, C. Saward, director of 
surveys, Geld Coast.- C J.E.: Mr. J. F. Russell, chief engineer for 
irrigation, Bengal; Mr. T. M. Coffey, chief conservator of forests, 
Bengal; Mr. H. Crookshank, superintending geologist, Geological 
Survey of India ; Lieut.-Colonel D. R. Crone, superintendent of the 
Survey of Inda ;: Mr. H. F. Mooney, chief forest adviser, Eastern 
States, India. G.B.E.,: Dr. R. B. Bourdillon, director of the 
Electro-Medical Research Unit (Medical Research Council), Stoke 
Mandeville Hospital; Mr. W. A. Damon, chief inspector of alkali 
works, Ministry of Health; Prof. P. I. Dee, professor of natural 
philosophy in the University of Glasgow; Prof. W. E. Garner, 
Leverhulme professor of physical chemistry in the University of 
Bristol; Mr. J. MoD. R. Greig, director of Moredun Institute, 
Anim al Diseases Research Association; Mr. H. Grinsted, director 
Of technical research and development. Ministry of Aircraft Produc- 
tioin ; Mr. C. E. Horton, chief scientist, Admiralty Signal Establish- 
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ment; Dr, W. B, Lewis, for services as superintendent, Tele¬ 
communications Research Establishment, Ministry of Aircraft Pro¬ 
duction ; Prof. R. P. Linstead, director of the Chemical Research 
Laboratory, Department of Scientific and Industrial Research ; 
Dr, A, Parker, director of fuel research. Department of Scientific 
and Industrial Research ; Prof. E. S. Pearson, professor of statistics 
at University College, London; Dr. H. Schofield, principal of 
Loughborough College; Prof. L. Dudley Stamp, professor of 
geography at the London School of Economics and Political Science ; 
Prof. W. N. Thomas, professor of engineering at University College, 
Cardiff; Prof. R. Whiddington, Cavendish professor of physics in 
the University of Leeds. 

The Royal Society has elected the following new foreign 
members : Dr. H. S. Gasser, director of the Rockefeller Institute 
for Medical Research, New York ; Prof. F. Joliot, head of the 
National Centre of Scientific Research, Paris ; Prof. T. vonKarman, 
professor of aeronautics and director of the Guggenheim Aeronautics 
Laboratory at the, California Institute of Technology, Pasadena; 
Prof. E. A. StensiO, professor of palaeontology in the University of 
Uppsala and director of the Riks Museum, Stockholm. 

Prof, S. Chapman, Sedleian professor of natural philosophy in 
the Urdversity of Oxford, has been elected a foreign associate of the 
U.S. National Academy of Sciences. 

Sir Henry Tizard, president of Magdalen College, Oxford, has 
been awarded the Gold Medal of the Franklin Institute and elected 
to honorary membership of the Institute. 

The Holweck Prize, founded by the Physical Society as a 
menxorial to Dr. Fernand Holweck and other French physicists who 
suffered death or privation under the German occupation, has ibeen 
presented to Prof, Charles Sadron of the Institute of Physics, 
University of Strasbourg, himself a survivor of the Buchenwald 
concentration camp. The Soci6t4 Fran 9 aise de Physique has 
founded a Holweck Medal, to be presented with the Prize, which 
will be awarded annually for ten years alternately to a French and 
British physicist for distinguished work in experimental physics. 

H.M. the King has approved the award of the Pounder’s Medal 
of the Royal Geographical Society for 1945 to Dr. C. CamseH, 
Deputy Minister of Mines and Resources, Canada, and for 1946 to 
Brigadier„ E. A. Glennie, director of the Survey of India; also the 
Patron’s Medal for 1946 to Sub-Inspector H, A. Larsen, of the Royal 
Canadian Mounted Police, for his achievement of the. North-West 
Passage in the SL Eoch from west to east in 1940-42, and fromi, east 
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to west in one season in 1944. The Victoria Medal of the Society 
for 1946 has been awarded to Prof. H. J. Fleure. 

Other medals awarded during the past quarter include the Albert. 
Gold Medal of the Eoyal Society of Arts to Sir Alexander Fleming 
and Sir Howard Florey, for their services in the discovery and 
development of penicillin; the Gold Medal of the Institution of 
Mining and Metallurgy to Mr. Carl Davis, past-president, director and 
London agent of the Anglo-American Corporation of South Africa, 
Ltd.; and the Godman-Salvin Gold Medal of the British Ornitho¬ 
logists’ Union to Mr. P. R. Lowe, O.B.B. 

Brigadier 0. H. Wansbrough-Jones, fellow of Trinity Hall, Cam¬ 
bridge, has been appointed scieirtific adviser to the Army Council 
in succession to Sir Charles Ellis. 

Mr. J. S. L. Gilmour has been appointed director of the Royal 
Horticultural Society’s gardens at Wisley. 

Dr. Charles Wilcooks has been appointed director of the Bureau 
of Hygiene and Tropical Diseases. 

The following University appointments have been announced 
during the quarter : Dr. G. R. do Beer, professor of embryology at 
University College, London ; Dr. J. Cerny, professor of egyptology 
at University College, London ; Prof. H. Dingle, professor of history 
and philosophy of science at University College, London; Prof. 
R. W. Ditohburn, professor of physics in the University of Reading ; 
Prof. W. J. Duncan, professor of aerodynamics at the College of 
Aeronautics ; Dr. R. H; Evans, professor of civil engineering in the 
University of Leeds ; Mr. E. E. Evans-Pritchard, professor of social 
anthropology in the University of Oxford ; Mr. T. R. C. Fox, pro¬ 
fessor of chemical engineering in the University of Cambridge; 
Dr. E. A. Guggenheim, professor of chemistry in the University of 
Reading; Prof D. R. Hartree, Plummer professor of mathematical 
physics in the University of Cambridge ; Prof. W. Jackson, professor 
of electrical engineering at the Imperial College of Science and 
Technology; Mr. R. L; Lickley, professor of aircraft design at the 
College of Aeronautics; Prof. J. T. Randall, Wheatstone professor 
of physi< 5 s at Bang’s College, London ; Dr. A; D. Ross, professor of 
civil engineering at King’s College, London; Prof. P. C. Sarbadhi- 
kari, Ghose professor of botany at the University College of Science, 
Calcutta; . Dr. 0. A. Saunders, professor of mechanical engineering 
at the ImperiM College of Science and Technology; Dr. Gwyn 
Williams, professor of chemistry at Royal Holloway College ; Dr. 
C. L. Wilson, professor of chemistry at Notre Dame University, 
.'.Indiana-; - 
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The following Presidents have been elected for the session 
1946-47 : British Association for the Advancement of Soience> Sir 
Henry Dale, F.B.S. (from Jan. 1, 1947); Chemical Society, Prof. 

C. N. Hinshelwood, P.R.S. ; Institute of Physics, Prof. A. M. Tyndall, 
F.R.S. ; Institution of Electrical Engineers, Mr. V. Z. de Ferranti; 
Linnean Society, Prof. G. R. de Beer; Physical Society, Prof. 

D. Brunt, F.R.S. ; Royal Microscopical Sbciety, Dr, J. A. Murray, 
F.R.S. ; Royal Society of South Africa, Prof. R. S. Adamson. 

We have noted with great regret the announcements of the death 
0 |f the following scientific workers during the past quarter : Academi¬ 
cian Alexander Baikov, metallurgist; Mr. J. L. Baird, a pioneer 
of television ; Prof. B. H. Bentley, emeritus professor of botany in 
the University of Sheffield ; Mr. E. G. Boulenger, formerly director 
of the Aquarium of the Zoological Society of London ; Prof. F. Broili, 
professor of palaeontology and historical geology in the University 
of Munich ; Prof. T. H. Bryce, F.R.S., emeritus professor of anatomy 
in the University of Glasgow; Dr. H. A. Colwell, known for his 
work on X-ray therapy and related subjects ; Dr. H. G. Earle, 
Director of the Henry Lester Institute of Medical Research and 
Preventive Medicine, Shanghai; Dr. S. Flexner, For.Mem.R.S., 
emeritus director of the Rockefeller Institute for Medical Research, 
New York; Mr. J. A. Gardner, a founder of the Biochemical Society; 
Mr. A. L. Howard, author of A Manual of Timbers of the World ; 
Sir 'George Julius, chairman of the Council for Scientific and In¬ 
dustrial Research, Australia; Prof. T. H. Laby, F.R.S., formerly 
professor of natural philosophy in the Uiiiversity of Melbourne; 
Sir Charles Marston, archaeologist; Mr. H. B: Maufe, formerly 
(iirector of the Geological Survey of Southern Rhodesia ; Prof. 
J. Park, emeritus professor of mining and mining geology in the 
University of Otago ; Prof. W. Peddie, formerly Harris professor of 
physics at University College, Dundee; Df. E. B. R. Prideaux, 
formerly reader in inorganic and physical chemistry at University 
College, Nottingham ; Dr./A. W. Rogers, F.R.S.,: formerly director 
of the Geological Survey of South Africa ; Dr. H. W. Starkweather, 
research chemist; Prof, J. W. W. Stephens, F.R.S., emeritus pro¬ 
fessor of tropical medicine in the University of Liverpool; Mr. 
0. A. Watts, founder of C. A. Watts & Ob:, Ltd. ; Dr. H. E. Wood, 
formerly Union astronomer and dh^eetor of the Union Observatory, 
Johannesburg. ; 

The Bureau, Council and various Committees of the International 
Union of Chemistry, whose activities have been revived aft^ their 
suspension during the second world war^ met in London on July 24-7, 

.',3-0 
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1946. The meetings, under the chairmanship of Prof. M. T. Bogert, 
who has been President of the Union since the 13th Conference in 
Eome in 1938, were held in the rooms of the Royal Society, Sir Robert 
Robinson, President of the Society, also being a Vice-I-*resident of 
the Union. 19 of the 23 nations belonging to the Union wore 
represented, namely, Argentine, Belgium, Brazil, Bulgaria, Canada, 
Czechoslovakia, Denmark, Prance, Great Britain, Holland, Italy, 
Jugoslavia, Norway, Poland, Roumania, Sweden, Switzerland, the 
United States, and the U.S.S.R. Representatives from India and 
Iran were also present. Sir Robert Robinson welcomed the delegates, 
and Prof. Bogeit in his reply described the present position of the 
Union. The Bureau is comprised of the president, the retiring 
president. Prof. Biilmann (Denmark), 8 vice-presidents, Prof. 
Bougault (France), Prof. Dony-Henault (Belgium), Prof. Nesnem- 
yanov (U.S.S.R.), Sir Robert Robinson (Great Britain), Prof. Swain 
(U^A..),Prof. The. Svedberg (Sweden), Prof. Swietoslawski (Poland), 
Prof. Tdmitch (Jugoslavia), and the general secretary, Prof. 
R. Delaby (Paris). Dr. L. H, Lampitt (London) is president of the 
Finance Committee. 

The majority of the 15 Committees forming part of the Union 
were able to meet and discuss plans for future research. The 
Bureau and Council held several meetings, at which it w£|.s decided, 
amongst other important matters, to hold the 14th Conference from 
July 21 to 24, 1947, during the 11th International Congress of Pure 
and Applied Chemistry, which will take place in London from 
July 18 to 25, 1947, following the centenary celebrations of the 
Chemical Society (July 16-18). Three new international committees 
were formed, namely, Maeromolecular Chemistry, Toxicology, and 
Si^dardisation of Laboratory Materials. A Committee for the 
standardisation, of the purity of chemical products will also be 
constituted ; this was, created in 1938, but has not yet been able 
to function. There were important debates on the problems of 
chemical encyclopaedias, the publication of which has been held up 
m certain countries, and of documentation. The Uiiion is desirous 
that missing periodicals should be available as soon as possible in 
ah its member countries, and that “ publications of an encyclopajdie 
character shotdd in future be published by Academies or Bodies 
directly dependent on Governments, and not by publishing houses 
TOthout any connection with these Governments.” 

During their stay the delegates were entertained by the Chemical 
Society ahd the Society of Chemical Industry, and the reunion 
prove4 an auspicious prelude tO' the bigger conference of 1947. 
Thb Association of British C3i6mioal Manufacturers has published 
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a Memorandum on Patent Law Reform, prepared by a Committee 
representative of the chief chemical societies and associations in the 
country (pp. 117, price 3s,, post free). The Memorandum is in two 
parts, the first of which was submitted to the Board of Trade Patents 
Committee in 1944. It consists of considered answers to a number 
of leading questions, e.g. Are British Patents used to the detriment 
of the public interest, for forming cartels or for retarding industrial 
development ? How can such abuses be checked ? ” The second 
and larger part was submitted to the same Committee in June last. 
In it there is developed a new criterion of subject-matter on the basis 
that every invention which is patentable must be a novel industrial 
application of a new discovery. Every inventor who seeks a patent 
must show that he has contributed some item of new knowledge to the 
art, and that his invention (which must be a manner of new 
manufacture”) is based on that new knowledge. It includes an 
'outline scheme for Empire patents, while recognising the difficulties 
of any arrangement such as is described. 

The Royal Meteorological Society has commenced publication 
of a monthly journal {Weather. Price Is. 6c?., from 49 Cromwell 
Road, London, S.W.7) intended more especially for readers interested 
in meteorology as a hobby or because it is of importance in their 
ordinary work. The first numberj which appeared in May last, 
contained, in addition to other matter, an illustrated article by 
J. Paton on the Aurora Borealis, another on Meteorology and 
Weather Lore by ‘Professor Brunt and an account of the British 
Radiosonde by A, J. Lander. 

Professor Brunt considers the reasons for, or the correctness of, 
familiar sayings relating to the redness of the sky at sunset and 
sunrise, the mackerel sky, the good visibility which frequently pre¬ 
cedes rain, the stiinxxlating effect of the north-west wind and the 
evil effects of a green winter. A red sky at sunset may be an indica¬ 
tion that fine weather is coming from the west—^the direction from 
which oiir weather usually comes-^for it implies that the air in that 
direction is dry, the dust or haze particles being free of condensed 
water and thus small enough to scatter red light. Most phenomena 
referred to in familiar lore have a rational basis and serve as a useful 
indication of Weather conditions likely to be experienced in' the 
succeeding twelve hours. It seems, however, that there is no 
justification for the belief that a mild January is likely to be followed 
by a winterish spring and a cold May. Mild winters do, however, 
usually show alternations of very mild and very cold weather— 
changes which tend to produce a fat churchyard.” 
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A radiosonde is a m iniature weather station carried into the upper 
atmosphere by a small rubber balloon. The Kew radiosonde gives 
information concerning the pressure, temperature and humidity of 
the air by audio-frequency modulation of an IM metre carrier wave 
emitted by a small transmitter carried by the balloon, The 
frequency of modulation (from 700 to 1000 cycles per sec.) is deter¬ 
mined by one of three variable inductances, each controlled by the 
physical condition it is designed to record. Each variable i nductanoe 
consists of a coil wound on a U-shaped iron core provided with a 
movable “ keeper ” (or armature) whose distance from the ends of 
the core is controlled (a) by an aneroid capsule, (b) by a bimetallic 
coil, (c) by a strip of goldbeater’s skin sensitive to humidity. A little 
windmill operates a switch which connects each inductance in turn 
to the circuit which modulates the carrier wave and leaves it con¬ 
nected for five or six seconds, during which time the observer on 
the ground detetmines the frequency with the help of a calibrated 
audio-frequency oscillator and a cathode-ray oscillograph. The 
meteorological state is deduced from the frequency of the note 
emitted by the radiosonde. The whole apparatus with its batteries 
weighs only about 3 lb. It is carried upwards until the balloon 
bursts and then falls at a safe speed controlled by a parachute. 
Heights exceeding 60,000 ft. may be attained after a flight of, say, 
an hour. Many radiosondes are lost but a goodly proportion are 
recovered (a reward of 6s. is. given to a finder) and used again after 
overhaul. 

’ The G.E.C. Journal for February 1046 is devotefl to a description 
of the war-time technical work of the Comjpany written by the 
Editor, H. W. Richardson. Although only bare outlines of the work 
are given, the account with its eighty photographs occupies 63 pages 
and covers a quite amazing range of articles, from a tiny medical 
inspection lamp which could be wrapped up in a postage stamp to 
aircraft carrier lifts. The output , was enormous including, for 
example, 1,000 million carbons, 100 milliop batteries, 760,QOO small 
electrical machines^ and 100,000 telephone and radio sets. The 
«»htributiott made % the Company to the Radar programme was 
of, great iinportance. Working in conjunction with the Tele- 
oommunioafeipna Research Establishment of M.A.P. the Company 
produced the-first aircraft interception system in the lO-cm- wave 
band. .'Klnbwn j^ Radar A.E Mark VII, and with a peak radiation 
power of 6 kW. it was fitted to the Beau%hter aircraft which played 
such an important part in the defeat of night raids oyer this oop-ntry 
pnd forined the mainstay .of the night defence of Malta-, 
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ranging equipment working in the 25-cm. and 10-cm. bands was 
used for long-range gun-laying in the battle of Matapan and, in 
conjunction with Bofors guns, for defence against flying bombs. 
Radio frequency cables were made with the low-loss thermoplastic 
polythene as dielectric and very low-loss cables using air as dielectric 
and spaced polystyrene supporters to hold the wire core concentric 
with its sheath. The Company designed and manufactured easily 
portable telephone switchboards capable of dealing with as many 
as 360 lines for Army use. Much work was done on valves of various 
kinds, some involving grid-cathode spacing as small as 0'002 in. 
Among the magnetrons developed for pulse generation were the 
CV76, operating in the 10-cm. band and giving a peak power of 
500 kW. with an efficiency of 55 per cent., and the CV214, working 
in the 3-cm. band with a peak power of 45 kW. and an efficiency 
of 30 per cent. • 

The Company was responsible for most of the machinery used in 
the A.I’.D; XXXV floating dock, which is capable of lifting a 50,000- 
ton vessel in four hours, the pumps delivering 30,000 tons of sea-water 
per houx against a head of 30 ft. Standard degaussing outflts for 
ships were made to Admiralty specifications and cable equipment 
for mine-sweepers opeirating against magnetic mines. Steel tank 
pumpless niercury arc rectifiers were produced in complete units 
in sizes up to 200 kW. Land-mine detectors, airfield lighting control, 
range-finding equipment for Oerlikon anti-aircraft guns, capable of 
use within four minutes of arrival at a site, and even mountings for 
these guns were manufactured by the Company. 

The well-known 5-ft. fluorescent lamp was perhaps the most 
important single contribution by the lamp industry to the war effort, 
since it created pleasant lighting conditions in underground factories 
and other places blacked-out day and night. Since the war ended 
a 4-ft. lamp of 1-5 in. diameter has been designed. It takes 40 
watts and will be available in two colours, daylight and warm white. 
The former gives rather less blue-green and less red (relative to green 
and yellow) than noon daylight: the latter, described as very suit¬ 
able for recreational lighting, rather less blue-green and less red than 
the gas-filled tungsten filament lamp, A detailed description of 
these lamps, written by H. G. Jenkins, will be found in the issue of 
Jouimkl for August 1945. Among searchlights developed was^ 
one fitted to- liight-fighter aircraft, intended for short-period use 
during actual attack on an enemy plane. It took 140 kW. and 
1200 amp. supph^ by lead accumulators, and was provided with a 
para-eUiptic mirror giving the necessary spread of light fisom a 
relatively email hole in the nose of the aircrjdt. A ground seareh- 
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light, giving a wide spread beam, was designed to consume 600 kW. 
and 4000 amp. The positive carbon was 64 mm. in diameter and the 
negative a rotating carbon disc. With a 10-ft. rniwor the intensity 
was measured in thousands of inegacandies. Much work was done 
on electric furnaces, radiant heating {e.<j. for paint drying), high- 
frequency heating and many types of measuring apparatus. Work 
on primary cells resulted in the design of a successful layer ty[)e 
dry battery, which gives 70 per cent, more output per unit volume 
than the old cylindrical type and has an excellent shelf life. Such 
batteries are specially useful in portable transmitter-receiver radio 
sets (the Walkie-Talkie) and in deaf-aid equipment using valve 
amplifiers. 

The Bell Laboratories Record for May 1946 contains a description 
of radio lenses, consisting of an array of metal plates, which focus 
very short radio waves as ordinary lenses focus light waves. The 
lenses depend for their action on. the well-known fact that short 
electromagnetic waves travel with increased velocity when they pass 
between metal plates so that, by suitable arrangement of the length, 
spacing and contour of the plates, focusing of waves of a selected 
wave-length is achieved. These waves are directed on to the lens 
by a horn-shaped wave guide (or at the receiving end are directed 
by the lens into a similar guide) and it is stated that the spread of 
a “ parallel ” beam obtained with a lens 20 ft. across is less than that 
given by a searchlight mirror with visible radiations. The May 
number of the Record contains also an account of some of the uses 
of magnesimn and its alloys. The alloys of this metal used in 
industry have only about two-thirds the weight of equivalent 
aluminium alloys and for equal weights are four times as strong 
as steel. Unfortunately they corrode very easily and suitable pre¬ 
cautions must always be taken to prevent such corrosion. The 
solid metal does not ignite till raised to a temperature above its 
melting point, small particles such as turnings and filings burn more 
easily and are a source of danger, just as coal dust, aluminium powder 
and flour are, unless reasonable care is taken. The alloys draw and 
form veiy easily if worked at temperatures between 460° F. and 
660° F. , 

The June number contains a well-illustrated account of the inulti- 
cavity magnetaon. A model of this device was sent to the U.S.A. 
from England in October 1940 and from this prototype 76 different 
designs have been developed, giving waves whose length varies from 
46 cin. to less than 3 cm. and peak powers from 10 kW. to more than 
1000 kW. The July issue contains a somewhat poridensed account 
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of the ammonium dihydrogen phosphate (ADP) crystal which is 
being used in place of Rochelle salt and quartz for piezoelectric 
purposes. These crystals are used to convert electrical energy 
(applied in the form of an alternating potential difference) into 
mechanical energy. The electro-mechanical coupling is the ratio of 
the mechanical energy stored to the total electrical energy applied. 
For ADP crystals at ordinary temperatures this coefficient is 0*3 
and thus larger than that of any other known crystal. The value 
rises to 0*4: at — 125° C. when the crystal shatters, probably as a 
♦ result of the rotation of the ammonium group. ADP crystals give 
a linear response, show no hysteresis effects and are stable up to 
100° 0. Potassium dihydrogen phosphate (KDP) forms crystals 
isomoiphous with those of the ammonium salt, but their electro¬ 
mechanical coupling coefficient is only OT at ordinary temperatures. 
This figure rises to 0*9 at — 151° 0. when ferroelectric coupling 
appears. This happens when the positive and negative charges on 
the dipoles align themselves along one of the axes of the crystal, so 
resembling in behaviour the elementary magnets of a ferromagnetic 
substance. A ^mall applied field can then cause considerable 
mechanical distortion, but the response is not proportional to the 
applied field owing to hysteresis effects; Rochelle salt shows a 
similar effect between — 18° C. and 24° C. 

The July number of the iJecord! contains also a description of 
the Western Electric Beachmaster announcing system. This con¬ 
sists of a 250-watt loud-speaker, ah amplifier, a 1500-watt alternator 
driven by a petrol engine and accessories all packed in six water-tight 
floatable cases. This set was used to control the movement of the 
invading forces at the Iwo Jima beachhead and at other beachheads 
in the Pacific. It amplifies the speaker’s voice ten million times, 
so that instructions spoken into the amplifier microphone, can be 
heard above the din of planes, tanks, bulldozers and gunfire. 

The Bulletin of the Imperial Institute, Vol. XLIV, No. 1 (Jan.- 
March 1946), contains an account of the fish liver industry in South 
Africa, based on information supplied by the South African Bureau 
of l 3 tiformation. A survey of the vitamin A content of liver oils 
obtained from fish caught in local waters was first made by an 
unnamed research chemist at Cape Town in 1936 working on Ms 
own initiative. Methods of processing were evolved at the same 
time and by 1938 the scientific production of vitamin oils was firmly 
established on a commercial basis. At the present time the industry 
is supplying a quarter of the vitamin A used in tMs country for the 
fortification of margarine. The oil is extracted mainly from the 
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liver of the valhaai, a shark which abounds in the sea off Oape Town. 
One company owns a fleet of “ sharkers,” others rely on trawlens 
for their raw material, one, at Walvis Bay, buying as much as 
600,000 lb. of fish offal each year. The fish landed in South Africa 
have, as a general rule, large oily livers. In most species of shark 
the liver constitutes 10 per cent, of the total weight of the fish, it 
may be as great as 35 per cent., the oil content ranging fTOm 26 to 
80 per cent. The oils are rich in vitamin A ; the poorest—^that of 
the dog fish—yielding 4000-6000 international units per gm., the 
stock-fish 10,000-12,000 and the stonebass from 100,000 to 600,000 ^ 
imits. Cod-liver oil gives ohly 1000 units per gra. and halibut 50,000. 
Some oils provide also vitamin D. It is remarkable that the total 
yield of vitamin A from the South African fisheries far exceeds that 
given by the much larger Newfoundland fisheries. The oil itself is 
used in soap, paint and linoleum manufacture, in waterproof fabrics 
and in the leather industry. 

Errata. —^Dr. K. Hoaelitz, Director of Research, Permanent 
Magnet Association, has kindly drawn attention to two errors which 
appeared in the abstract of Ids paper in the Journal of Scientific 
Instruments (April 1946) printed in our last number. The percentage 
composition of Alnico V is aluminium 8, nickel 14, cobalt 24 and 
copper 3 and not aluminium 8j chromium 14, tungsten 24, moly- 
bdenuni 3 as given on p. 623 line 16; while the composition of 
Alcomax II differs from that of Alnico V in that it contains 11 per 
cent, rdokel and 6 per cent, copper. Dr. Hoselitz also points out 
that the minimum dimensions quoted for bar magnets (length 
0'08 ih. and'Oross'-section O'Ol sq. in.) are inter-related “ due to 
technical pipoblenis’ - and not independent as the wording might 
•suggest. 











ESSAY REVIEW 

THE FIRST MOEERN PHYSIOLOGY By Charles 3ingbb,.D.Sc., 
D.Litt., M.D., Emeritus Professor of History of Medicine in the Univer¬ 
sity of London. Being a Review of The Endeavour of Jean 
Fenael, with, a List of the Editions of his Writings. By Sib 
Charles Scott Shebbington, O.M. [Pp. x ^ 223, with 27 figures, 
including 7 plates.] (Cambridge: at the University Press, 1946. 
16a. net.) . 

The doyen of modern physiologists has applied much literary 
research and philosophic acumen to an investigation of the first 
work of modern times which can be said to be devoted to physiology. 
It is also the first in which the word “ physiology ” is used in bur 
modem sense. Sir Charles Sherrington’s book contains a clear 
exposition of the life-work of one who may be regarded as his first 
modern predecessor and is in itself a bibliographical model. Every 
physiologist and every historian of science will rejoice at this new 
demonstration of Sir Charles’ great literary and bibliographic powers. 

Jean Eernel (1485-1558), perhaps the most learned and con¬ 
sidered physician of his time, was the author of a standard work 
on medicine which remained current for more than a century. He 
was bom: near Paris, where the whole of his life was passed, and 
lived the externally uneventful life of a successful practitioner^ He 
was the ablest and most thoughtful representative 'of medical 
humanism, which held the field until medical discipline was deter¬ 
mined in another direction by the scientific method associated with 
the names of Vesalius and Harvey. Sir Charles Sherrington has 
already used Pernel as the type of pre-Harveian medical thinker 
in his great philosophical work fifdn on Ms Natwe. In this new 
work he devotes himself to an intensive study of the physiological 
and philosophical work of the sa;me man. .In the secular debp^ti^ 
oh the nature of the living body Pemel is important for the clarity 
and completeness l^th which he presents the'final version of the 
Galenic ^mthesis.. We may think of Pemel as a reinoarnation of 
Galen, equipped with a lucidity, a concise orderlmess,:£md a philo¬ 
sophic insight of which the Greek physician was inGapable; : ' 

. The physiological work of Pemel appeared first in ^ 
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parte medicinse of 1542, almost exactly contemporary with the 
Fabrica of Vesahus (1514-64). Neither Vesalius nor Fernel shows 
any deep discomfort with the Galenic scheme which however was, 
more or less unconsciously, modified by both. Yet Feme! shows 
no serious doubt of the security of Galenic physiology, while the moi-o 
youthful Vesalius displays no trace of unease untiil his second edition 
of 1555. That date may therefore perhaps be chosen as the birth 
year of modern physiology. 

Fernel was peculiarly weU situated for producing his (synthesis. 
He came to the University of Paris when the new classical scholarship 
had! just become fully established there. The tradition entered the 
medical sphere through Jean Ruel (1479-1537), who occupied an 
influential position in the Parisian faculty and was very learned 
in Greek medical texts. Ruel, however, did not interest himself in 
Galen. The first real Galenic ripple at Paris was in 1514, when the 
scholar-printer Henri Estienne (died 1520) issued a small collection 
of texts of Galen translated by the venerable Nicolo Leoniceno of 
Ferrara (1428-1524), then in his eighty-sixth year. The tide rapidly 
gaindd strength. Galenic texts were soon pouring from the presses 
of Paris. The rate reached about two a month by 1628. By the 
middle thirties, when Fernel began seriously to interest himself in 
the physiological outlook of Galen, all the works that bore on the 
subject were available in handy Latin versions, mostly rendered by 
Guenther of Andernach. Fernel was probably attending the 
anatomical lectures of Sylvius and Guenther at Paris at the same 
time (1633-36) as Charles Estienne and Vesalius, but his outlook 
yras very different from theirs. His natural bent towards philosophy 
aM abstract thinking gave him a dislike for the type of illustration 
in which Estienne and Vesalius rejoiced. They were extroverts and 
Fernel very much of a contemplative introvert. 

Fernel’s treatise on physiology (1642) introduced into Latin 
hterature the word physiologia as applied specifically to the physics 
of the animal body, though in his first edition he still writes the word 
,in Greek letters. In older Latin and Greek writings the term is 
applied to natural knowledge in general or, rather more narrowly, 
to spmethir^ near what we now call p%5ioprap%. Femel’s 
Zt^rio'is thus'the physiography of the human body; But though he 
constructed by far the clearest account of the old physiology, he 
showed an opposition, now almost unintelligible, to the use of 
matomical figures or physiological diagrams. He did not visualise 
the operations of the body, as we all seek now to do, but thought in 
terms of the interaction of the three spiritsi natural,-vital and animal, 
pf Idie ming l ing of the four humours bldod, yellow bile (choler), black 
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bile (melancholy), and phlegm (pituita) and of the resulting 
temperaments ’’ or constitutions. Mind he treated as coming 
within the realm of physiology because, for him, all the workings 
of the body were, at source, non-material and incorporeal. All were 
traceable to the operations of an immaterial soul. Mental events 
were jtxst one series among many of the activities of that soul. In 
all animate things, and most in man, the body has been created for 
the sake of the soul. It is made for that soul and it is formed not 
only as a habitation but as an adjusted and adjustable instrument 
for use by its inherent powers. 

This conception separates Fernel in some degree from the Stoic 
conception of Galen, who held that the human soul was essentially 
paiii of the world-soul, but far more does it cut him off from the 
Christian conception of the body as simple brute matter made to 
live and act by the soul within. This is a crux that Fernel does not 
fairly face. The extreme confusion of philosophy in the mid¬ 
sixteenth century was not conducive to the clear presentation of 
the issue. Few, if any, of his century perceived the inevitable 
conclusions to be drawn from this or from any comparable view. 
Perhaps only recently, and with the philosophic work of Sir Charles 
himself, has it become apparent that even the modern physiological 
synthesis is, in the philosophic sense, unintelligible, and must remain 
so without (or perhaps even with) a far greater knowledge of the 
integration of physiological and psychological processes than we 
yet possess. 
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Atomic Energy for Military Purposes, By Hekhy Dbi.l Smyth, 
[Pp. viii + 308, with 8 plates.] (Princeton: Princo.ton University 
Press ; London: Oxford University Press, 1946. 12^. M. not.) 

This book is essentially a reprint of the Official Boport on the Dovolopmont 
of the Atomic Bomb published under the auspices of the United States 
Government. A few minor alterations and clarifications have been made 
in the original text, eight pages of photographs have boon added, and addi¬ 
tional matter, released since the original publication, is included in appondices. 
For the sake of completeness the not particularly illuminating statements 
issued by the British and Canadian Governments are also included. The 
book therefore contains all the information available to the public up to tlio 
present date. : 

Dr. Smyth has given a singularly lucid, objective and restrained account 
of the most stupendous soiontific project ever undertaken. His story covers, 
step by step, the scientific researches and developments, tho administrative 
background, and the subsequent engineering developments up to tho 
final xuahufacture of thb bomb. Though written ttndor ‘'security” cbn- 
ditionsj the report is remarkable for the amount of precise information it 
discloses. The atomic expert ‘would obviously wish for more numerical 
data; the chemical engineer would be interested in detailed plans of i'ke 
manufacturing plant. The general scientific reader could hardly seek for 
more than is contained in these pages. He certainly could not expect a more 
lucid, well-ordered and readable account. 

The book.is not ihtended to be a “popular” version of the subject. 
Although ah introductory chapter on radioactivity and atomic science includes 
all the specialised knowledge required to follow the text, a grounding in 
physics and chemistry is assumed in the reader. Scientists and engineer's, 
whatever their own speciality, should have no difficulty in following Dr. 
Smyth's very clear account of a very portentous achiovemonfc. For the sake 
of humanity, they should certainly make the attempt. “ A weapon has 
been developed that is potentially destructive beyond the wildest nightmares 
of the imagination,” writes the author in one of the very rare paragraphs in 
which he allows emotion to colour the deliberate objectivity of liis story. 
“ weapon has been created not by the devilish inspiration of some 
warped genius, but by the arduous labours of thousands of normal men and 
women working for the safety of their ooxmtry.” “ Here is a new tool for 
mankind, a tool of unimaginable destructive power. Its development raises 
many questions that must be answered in the near future. . . . This is 
o)ae reason for the release of this report. It is a semi-technical report which 
it is hoped men of science in this country can use to help their fellow-citizens 
/ in reaolung wise deoism^ 

' J* A. OaowTHEiBr ■ 

8 ^ 
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Atomic Artillery and tlae Atomic Bomb. By J. K, Robertson, 
F.R.S.C* [Pp. xii + 173, with 30 figures, including 8 plates.] (New 
York : D. Van Nostrand Oo., Inc. ; London : Macmillan & Co., Ltd., 
1945. 12a. 6d. net.) 

This book is a revised and enlarged edition of Atomic Artillery by the same 
author, reviewed in these columns in 1938 (Vol. XXXIII, p. 361). The main 
additions are two chapters on Nuclear Fission and the Atomic Bomb, a few 
paragraphs on the separation of isotopes, an extension to the section on 
cosmic rays, and a note on Bethe’s theory of the origin of solar radiation. 
There are a few additional photographs. 

In its present form, the book is a non-mathematical survey for the educated 
layman of the progress of nuclear physics during the present century, leading 
up to the atomic bomb. There are a few loose statements and misprints, 
but they are trivial blemishes in a readable and balanced account.^ It 
should be popular in School and Public Libraries, and can be commended 
to those who desire an introduction to the Smyth Report on Atomic Energy. 

Professor Robertson is head of the Physics Department of Queen’s 
University, Kingston, Canada, 

F. A. V. 

Aircraft Engines. Vol. I. By A. W. Judge, A.R.C.S.,D.I.C., A.M.Inst. 
Aut.E. ' Second edition. [Pp, xii + 492, with 308 figures.] (London : 
Chapman & Hall, ^Ltd., 1946. 28a.net.) 

Modern aero-engine developments are so extensive that to cover the subject 
adequately in a single voluipae has become impossible. An author is therefore 
faced with choosing between a fundamentally scientific and a more or less 
descriptive approach, depencfing on the type of reader to whom his book 
is addressed. 

Mr. Judge’s book seeks a compromise by adopting a semi-descriptiye 
method but making copious use of the literature—^indeed h^ bibliography 
is one of the fullest in a book of this type. In this way he is able to cover 
a very large field, and his book will doubtless be of value for reference pur¬ 
poses. The reviewer would, however, hesitate to recommend it to the 
serious student. 

The author’s presentation of a considerable mass of experimental work is 
uncritical arid hdds nothing to the value of the references quoted. This is 
perhaps just as well, since where he seeks to elucidate he frequently succeeds 
in mislbading. , . ! , ' , 

The book contains many mis-statements, x — 

1. ‘‘A petrol engine ... operating upon a mixture of 14*1 parts of air 
to 1 part of petrol, by^ votunie ” (p. 23). This corresponds to a fuel/air 
ratio about 640 times chemically correct. 

2. On p, 25,' there is a sketchy accotmt of dissociation and it is implied 

that over 1000® C. the 00^ and HgO are completely dissociated intp GO, 
O and H. Actually, the degree of dissociation is unimportant below about 
1800® C. and probably negligible at 1000® C. ' ' ' 

3. On p. 4$ it is stated that the recording drurn of a Farnboro* indicator 
is driven by a “ crank having the same motion and phase as the engine 
crank It is of course, driven off the engine crankshait and jwovides a 
time or crank-angle base because it rotates at uniform speed. 

4. On p. 148, Fig. 87 shows a consumption loop. Ihe line labelled 
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Correct mixture line ” is meaningless. There can bo no such line on a 
consumption loop, since “ correct mixture ” occurs at only one point on 
the curve. 

These examples are typical of a general looseness of expression and a 
superficial approach which seriously detracts from the value of the mass 
of material presented. O* A. S. 

A Primer of the Internal Combustion Engine. By H. E. 

C.B., C.B.E., M.A. New edition, revised and enlarged. [Pp. xii -f 
141, with 60 figures.] (London : Constable <& Co., Ltd., 1944. 5^. net.) 

At few periods in the history of the internal combustion engine has 
development progressed more rapidly than during tlie last decade. Even 
to the expert it has been difficult enough to keep some semblance of contact 
with all the various aspects of the subject. To the jimior student the subject 
is overwhelming, unless he has access to a suitable primer in which the develop¬ 
ment is built up on sound fundamentals. The problem before the author 
of such a text is therefore heavy. Is he to prune out all the old material 
to make room for the new ? An excellent balance between the old and the 
new has been struck in the present work. 

In most technical schools the introduction to the internal combustion 
engine is made through a test on a gas engine. This machine is employed 
on account of the ease of operation and as it is available in small units running 
at such speeds that a simple indicator can be employed to examine the changers 
of pressure which occur throughout the cycle. Realising this, the author 
has discussed many of the researches made during the development of the gas 
engine. This forms an ideal backgroxmd for studying the theory of the 
newer forms of enginb.p 

After a short introductory chapter on the history of the engine, including 
the gas turbine, the author continues with chapters on the theory of heat, 
the behaviour of gases and vapours, including an introduction to indicators 
and their diagr^s. The following chapters deal with ** ideal ** and ‘‘ real 
engines, fuels and gas producers/ and finally engine details and tests- At 
the end of each section there is a weU-ohosen set of examples with answers. 

Possibly criticism may be raised at the inclusion of a paragraph on volu¬ 
metric heats in preference to th^ more usual molecular specific heats, while, 
in (^bussing the discrepancy between the actual and ideal temperatuius 
resulting from tests on explosions in closed vessels, the author makes no 
mention of the effect of the turbulence of the charge or of slow combustion, 
termed “ afberburemg ’’ by Dugald Clerk. Apart Trom these points, there is 
no doubt that Mr. Wimperis and his collaborator, Mr. Stem, are to be con¬ 
gratulated on the production of a primer of real value, broad in outlook, as 
would be expected fi'om engineers of their experience of practice and teaching. 
^ . B, Lloyd-Evans, 

MET^OBOliOGY 

Les climats et I’crganidme humain. Par Eivolb Etoot. No. 171 of 
soiios. “ Que sais-je f ’’ [Pp* 127.] (Paris ; Presses Universitair^ de 
^ 'France, d945.),,,^,' ' 

This little book gives, first a brief account of the climatic elements and of the 
geo^aphical factors which control them, secondly a discussion ofthe patho- 
dbgkial effects of these elements, and thirdly a brief account of meteorotherapy 
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and climatotherapy, or the beneficent effects of exposure to various meteoro¬ 
logical and climatic conditions. 

It is on the whole a satisfactory account of the subjects enumerated, taking 
into consideration the limitations of size of the book. The chapter dealing 
with the pathological effects of the meteorological elements contains rather 
a largo number of technical medical terms, which will not be familiar to the 
reader untrained in medicine, but the final chapter on the beneficent effects 
of exposure to various meteorological conditions can be readily followed by 
any infcolligont reader. In the latter the author discusses in some detail the 
effects of exposure to the air, to direct action of the wind and to solar radiation. 
He contrasts the effects of living at the seaside^ in a plain, or on high ground 
of varying altitudes, and for each type of locality gives a catalogue of suitable 
resorts in France. Finally, special consideration is devoted to the treatment 
of pulmonary tubercrilosis, extra-pulmonary tuberculosis and infantile weak¬ 
nesses, and brief notes on a variety of other diseases are added. 

The book under review contains a considerable amount of information 
concerning the incidence of various diseases, and some useful general hints, 
as for example concerning the care with which the body should be exposed 
to the sun’s direct rays. It will be helpful to many general readers, and might 
perhaps have been still more helpful to the serious student if a short carefuJly 
selected bibliography had been added. 

D. B. 


'^General and Inorganic Chemistry for University Students. By 
J. R. Pabtingtok, D.Sc. [Pp. xxiii -f 916, with 345 figures.] 

(London: Macmillan & Co., Ltd., 1946. 365.) 

The appearance of a new and comprehensive text-book by Prof. Partin^on 
will be welcomed by the many readers of his earlier* works. The present 
book is somewhat more advanced than the familiar Text-hooh of Inorganic 
Chemistry for University Students, and it represents a remarkably successful 
attempt to provide, in a single volume^ material useful to students of chemistry 
at all but the very elementary stages of their training. The book is divided 
intp two parts; the first deals with the more important aspects of General 
and Physical Chemistry, and the second, which is more than twice as large, 
is a systematio treatment of the descriptive Inorganic Chemistry of the 
elements, arranged according to the shorter Periodic Table. The tot part, 
mainly intended for students of University Seholarship standard^ is necessarily 
lees advanced than the second, although the chapters on atomib theory, 
valency, and the solid state provide adeqiiately for most Degree students. 
The second part contains all the Inorganic Oheniistry normally required by 
Pass Degree candidates ; Honours candidates, besides obtaining from it a 
sound background knowledge of the subject, will find it a useful basis for 
their more specialised studies, for numerous references are given to up-to-date 
reviews and important original memoirs. , , . 

The concisely informative style of the book is not unexpected in view of 
the large bulk of information contained in it; as the author hims elf states, 
it is intended for students who are keenly interested in chemistry: ; For such 
the book provides, without trimmings, a clear exposition of fundamental 
chemistry, based on carefully sifted original iifforination. Experimental 
aspects of the subject are fully emphasised, and the industrial processes 
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described are selected with due regard to their importanqo at the pi'esont 
time. An historical approach to theoretical topics has been adopted where 
it facilitates the logical development of fundamental principles. Some of 
the more difficult subjects, such as the theory of valency, are treated with 
skilful avoidance of ill-defined ideas. 

This book can be recommended strongly to any student proceeding to a 
Degree in chemistry, and it should find its place in the rt€eronce library of 
every school, polytechnic, and coliego in whitdi cluimistry is s(>rioiiHly tauglit. 

A. J. K, WBnou^ 

lie Charbon ; son Histoire, son Destin. By Schneidto, 

.Membre de ITnstitut. [Pp. 348, with 15 plates.] (Paris : Librairio 
Plon, 1946. Fra. 160.-0 

The bituminous coal mined in north-east Franco has been, in large measure, 
responsible for the expansion of French industry during the last century. 
The author of this book belonged to a family, the Schneiders of Greusot, well 
known for the great part it played in these developments : hf3 completed the 
book only shortly before his death. The first part of the book, which covers 
more than half the text, is perhaps the most valuable ; it is a well documemtod 
and scholarly study of the early beginnings of the utilisation and mining of 
coal and of the growth of the French coal industry during the Middle Ages 
and do^^ to the end of the eighteenth century. Besides the technical jispocts 
of the subject, social and legal matters are also discussed : an account is 
included of the lives of three men, Emmanuel do Croy, Francois do la Ciiaise 
and Phillippe le Bon, who played important parts in those early days. The 
second part is a relatively brief sketch of the lijfo and 'work of the mining 
communities during these times. The third and final part, which covers 
some .80 pages, discusses somewhat cursorily the constitution of coal, modei'n 
theories of its forinatioh, the carhbh cycle in nature, chettfical industries based 
oh coal and possible hew developments, A number of eiJicelleht illustrations, 
particularly of old naming methods and maohinety, are included. The book 
contains much of interest not only for the tednihg ehgiheer, md'teo 
and scientists connected with the coal and gas industries, bht also for the 
general reader^ The book is essentially French in outlook ; no similar text 
bn the British coal industry is available. 

’ 'H. L. Kx£ey. 

lolloids : nieir Properties >d AppMcations. By A. G. Waud, 

M,A. [Pp. viii 4“ 133, with 6 plates and 28 figmes.] (London : 

, Blaokie & Son, Ltd*, 1946. Bs. net.) 

This book gives an excellent introduction to a branch of science which i» 
devouring very rapidly both in its fundamentals and in its applications to 
various industries*. The nature of the colloidal state is carefully explained, 
pariictilar attention being paid to the methods of determining particle sisse. 
The only important omission is the very recent method of Debye for deter- 
, naming molecular weights from measurements on light scattering. There 
followa ia reviaw^ various colloidal systems, and the fefcctore controlling 
their; smbility.^:, T^ remainder of the book (amoimting to nearly one-half) 
is devoted to the more important applications of colloid science to the study 
bf rubber (natural and synthetic),, cellulose and its derivatives, proteins, 
viruses^ bteysv paints, lacquers; and detergent^v* Obviously in a book of this 
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size which covers such an enormous field, the author can do little more than 
mention many of the phenomena, but Mr. Ward has shown considerable 
discrimination in giving a little more detail here and there, just where it is 
needed. Ho has also provided a useful bibliography. 

O. B. B. M. S* 

"^Aqueous Solution and the Phase Diagram. By Ebisdebick Field 
PuiiDON and Viotob Wallace Slater, B.Sc., F.R.I.C., M.I.Chem.E. 
[Pp. iv 4" 167, with 47 figures.] (London': Edward Arnold & Co., 
1946. 245, net.) 

This book is designed to serve as a laboratory and desk manual for the 
chemist who has to solve the often'complicated problems of purification and 
crystallisation on the industrial scale. This function it should fulfil admirably, 
and it cstn also be recommended to any student of the Phase Rule as a valuable 
supplement to the more theoretical textbooks. The methods of constructing 
and utilising diagrams for multi-component systems are clearly described, 
and the authors draw on a long experience in selecting those of most value. 

An inti’oductory chapter describes the Phase Rule and the terminology 
of the subject. Thereafter the treatment is restricted to systems consisting 
of aqueous salt solutions in equilibrium with pure salts (one example involving 
solid solutions is given). Starting from the plotting of a simple solubility 
curve the authors describe typical two- and three-component diagrams. For 
each a complete table of the data is given so that the reader can easily re¬ 
construct the diagram for himself, as he is advised to do. Then follows 
perhaps the most valuable section of the book, dealing with four component 
systems. An example hero will illustrate the quantitative nature of the 
treatment; potassium nitrate is to be prepared from a mixture of sodium 
nitrate and potassium chloride. The data for 25° and 75° C. are given, and 
used to construct a Janecke projection by means of wliich the recrystallisation 
cycle is planned. An elevation showing the water content of the releyant 
mixtur^ is now constructed, and the calculation from this of the qu^.ntities 
of water that must be added or removed at various stages of the cycle is 
explained; finally, working details of the whole cycle on a weight basis are 
tabulated. 

In the last thirty pages of the book, quinary systems are given a similar 
treatment, two or three typical systems being discussed on quantitative lines. 

Much thought and work have clearly gone into the making of this book, 
and both authors and publisheas deserve congratulations on the result. The 
diagrams are clear and well labelled, and the volume is stoutly bound, opens 
flat at any page, and makes an attractive companion, 

C. W. D. 

y , 

Introduction to Emulsions. By George M. Sutkeim, [Pp. vi 260, 
with frontispiece, 22 figures and 25 tables.}- (Brooklyn; Chemical 
- Publishing Co., Inc., 1946. $4.75.) 

This book consists of a series of lectures given at the Brooklyn Polytechnic 
Institute, “ by a practical man for practical men.’’ It is admirable; al¬ 
though the style is often colloquial and sometimes breezy, the basic ^ientific 
principles are very clearly and correctly explained,^ points of both physical 
and organic chemistry, and also, the mechanics of emiilsifying, machines, 
being presented ‘with the minimum of demands on the previous knowledge of 

3h 
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the reader, and the information appears to be thoroughly up-to-date. There 
is a short introductory account of surface tension and stufaoo films, and of 
the fimctions of soluble and solid emulsifying agents, chapters on the chemistry 
of emvil;iifying agents, on the methods of making emulsions, the prop(irties, 
especially the stability of emulsions, and an extremely interesting fmtil 
chapter on the principal uses of emulsions. There is a glossary of hKjhtiioal 
ternis for the convenience of the less academically-min tied readers, and a very 
useful appendix with the trade namas and formulju of ti great many emulsifying 
agents on the market. 

The subject is very carefully and logically developed,, and the author has 
taken'untold pains to simplify the exposition without loss of soientifio accuracy; 
the only questionable statement noticed by the reviewer was the statement 
that toface tension mddenly to zero at the critical point. The book 

may be heartily recommended to scientific as well as to “ practical ’’ people. 

hr. K. A, 


Surface’^'Active Agents. By C, B. F. Youno and K. W. Coons. [Pp, 
X d-381, with 41 figures.] (Brooklyn: Chemical Publishing Co., 
.Inc,, 1945. $6.00.) 

The most useful part of this book is probably the large number of recipes for 
wetting agents, adhesives, soldering fluxes, special cutting and sohiblo oils, 
etc. An attempt is made to present the elementary theory of surface tension. 
Which occupies some 86 pages, but its value is much diminished by the number 
of errors and approximations introduced, and by the amount of repetition. 
The scientific acctiraoy may he gauged from the following points noted, among 
others : the formula for the ring methocl for determining surface tension is 
given without any correcting factom ; a stalagmbnxeter is figured with rounded 
instead of sharp edges to the tip ; ■ the bubble pressure method is shown in a 
diagram with a quite wide tube, but the formula given is for infinitely narrow 
tubes ; Adam is surprisingly quoted as saying that the molecules in oopdensed 
films are “ never vertical; on'p. 27 a column containing five almost non¬ 
polar and'one rather polar group is headed “hydrophilic,” presumably a 
misprinti fbr hydrophobic which would be nearly correct for the five non-polar 
groups. Contact angles and empiri.cal wotting times are lumped together 
as “ surface tension or modification of this interesting effect ” ; there are oven 
a number of spelling mistakes. 

Much of the book consists of fairly long, and rather uncritical, abstracts 
of papers, scarcely knit together at all. Nevertheless, though as a coherent 
treatise this book is disappointing, readers are likely to find a good deal of 
useful, if rather miscellaneous, information in it. 



N. K. A. 


MetalHo €6irroStibKi, Passivity and Protection w By Uliok R. Evans, 
With an Appendix by A. B. WiNtEtecrroM, M.Sc.Tech. 
Second edition. [Pp. xxxiv-f 863, with 144 figures.] (London: 
: / .Edward Arnold Oo„ 1946. 50$. net.) 


It is nine years sineb the tet edition of Br. Evans’s book appeared, and at 
that time it quicldy established itself as t^^ fullest presentation of the subject. 
Tt has now been out of piint for several years, and the growth of ap already 
has been so great that a very thorough revision has 
had ^ ^ undertaken. The magnitude of the task may be gathered from the 
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fiUJt that tho author index contains nearly 2000 names. It must be said at 
once that the work of revision has been exceedingly well done. With so many 
references, little seems to have been missed. In spite of the mass of detail 
which might have made the text forbidding it is very readable. The old 
controversies over corrosion have died down, and rival views are fairly dis¬ 
cussed. Work carrk^d put in the author’s laboratory naturally bulks largely 
in tlie x)resentation, with emphasis on the statistical method of experiment. 
The order of arrangement, although improved in detail, remains essentially 
the same as in the first edition. This involves a certain degree of artificial 
separation of cognate matters. Thus on consulting the section on fretting 
corrosion the treatment of an important subject appeared to be scanty, but 
a search xmder other headings revealed a much more complete review in an 
earlier section on the part played by friction and oxidation in corrosion. 

On making trial searches on subjects chosen at random the information 
was usually found, conveniently recorded, but an exception was the attack 
of loaded petrol on steel exhaust valves, although the action of such fuels 
on the light alloys is noticed. The reviewer would suggest that more use 
might be made of microscopical investigations. Corrosion is, most often a 
topochemical process, related to the distribution of grain boundaries or of 
distinct phases within a metal otherwise homgeneous, and a study of the 
process under the microscope, requiring a good deal of patience, is .of value 
in elucidating the mechanism of corrosion. Such studies would usefully 
supplement the excellent investigations of the author and his school using 
electrochemical methods. The application of those studies to industrial 
problems is well discussed. Methods of protection, including such relatively 
new processes as phosphate coating and improved methods of painting, electro- 
deposition, and coating with plastic varnishes, receive full attention. An 
interesting feature is the mathematical analysis at the close of many of the 
sections. Mr. Winterbottom’s appendix, dealing with the optical study of 
sxxrface films on metals, is based mainly on the work of Tronstad and his school: 

The work will appeal strongly both to the practical user of metals and to 
tlie laboratory metallurgist as the clearest and most authoritative account 
of the whole subject. A word mxxst be said about the publishers’ share in the 
production. Although considerably enlarged, the use of a thinner paper 
makes the book less bulky and more attractive than the earlier edition and 
also allows it to remain open flat at any page ; a feature which will be 
appreciated by all who have to handle large volumes* 

^ ^ ^ Besoh. 

A BictioBary of MetaHograpiiy. ByR.T.BoLra, F.R.IB. [Pp. viii 
4- 243.] (London: Chapman & Hall, Ltd., 1945. 16s. net.) 

is view of its title this is a curious book. In the preface the author appeals 
to accept the definition of Metallography as that branch of science which 
relates to the constitution and structure, and their relation to the properties 
of metals and alloys,” and distinguishes it from “Chemical Metallurgy, 
pomprising reduction and refining.’* Yet he deals with constitution in seven 
words, and takes nine Ibies for refining and heat refining. The longest articles 
deal with Electronic structure (about 60 lines), the Periodic Table (36 fines 
in addition’ to the Table, which occupies a whole page), and X-ray analysis 
(67 lines). While some reference to all these is certainly desirable in a book 
on Metallography, the amount of space given to them seems di^roportionate 
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to the space occupied by the four longest articles on purely metallographic 
subjects, which are Ac and Ar points (36 lines), Pearlito (24 lines), S-curves 
(23 lines) and $ iron (22 lines). Thermal analysis is dismissed in 11 linos, 
microstriicture in 7, and the equilibrium diagium in the same number. Yet 
the Bessemer process is given 34 lines. 

It may seem ungenerous to complain of being given much more than 
would be expected from the title in a dictionary, whore one does not liavo to 
read any of the articles in which one is not interested, in order to find the 
desired information, but it must bo admitted that the impression conveyed 
to the reviewer is one of a want of balance. Much more serious is the in¬ 
accuracy in a few of the de^itions. For example, a outootic is defined as 
the alloy with the lowest melting point in a series. This is not necessarily 
true, nor is the alloy with the lowest melting point necessarily an eutectic 
one (c/. Au-Cu alloys) ; the melting point of magnesium is given as 661^, 
whereas 649° has been the accepted value for several years ; and the state- 
ment that this metal is “ workable only by a special technique ” is likely to 
give a completely false impression. 

These mistekes, however, arc relatively few, and in general it may bo said 
that the dictionary should be a useful addition to the metallograpl list’s 
bookshelf, and were a later edition subjected to severe pruning and correction 
in some parts, and to expansion in others, it would be an invaluable one. 

Jonisi L. HAuaiTTOK. 

An Introduction to Textile Bleaching. By J. T. Maush, M.{Sc., 
F.R J.C., F.TJ. [Pp. xiii d- 512, with 154 figures, including 32 plates.] 
(London : Cliapman & Hall, Ltd., 1946. 32s. net.) 

Dtnamo the last twenty-five years advance in pur knowledge of the compo¬ 
sition and structure of textile fibres and of the chemistry and.physics of old- 
established textile processes has been spectacxilar, and has resulted not only 
in the adoption by progressive industrial concenis of oomprohonsive systems 
of quality control, but also in the development of many completely now 
processes. Very few English text-books on textile subjects, however, include 
ibis new material, which is scattered about in a large number of original 
papers and patent specifications. The Volum© under review makes an 
important contribution to'wards remedying this state of affairs, for in if/ is 
collected together a great deal of information on one aspect of textile chem¬ 
istry and teolmology. The scope of the book is less limited than its title 
suggests, for it deals with many topics including the composition and 
properties of the more imporiiant textile fibres, wotting atid detergency, the 
scouring and bleaching of cotton, linen, and rayon, the scouring of raw w<x)h 
wool yarn, and wool pieces, carbonising, crabbing, silk dogumnung, wool 
and silk bleaching, drying of textiles, and the assessment of damage in textile 
materials. The subject matter is well presented and is illustrated by an 
adequate number, of photographs and lino drawings, 

A knowledge of chemistry is desirable in order to appreciate the volume 
fully, as it is written from the point of view of the research chemist rather 
than from that of the practical man, but it will be welcomed by students, tech¬ 
nologists, tod research workers alike, for it provides a thorough tod authorita¬ 
tive account of research work an^ principles of present-day practice, 

; is extremely well supplied with references to original papers and patent 
; :;Speoifications--*-a laoMng in most books on textile subjects, 

-..-v':,--.. C.\'S. WmwEnn. 
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GEOLOGY 

Bibliography and Index of Geology exclusive of North America. 

Vol. i), 1941-42. By J. M, NicKiiES, Mak.ie Siegrist and Eleanor. 

Tatge. [Pp. xix *f 450.] (Geological Society of America, 1943.) 

This volinno, the ninth that has been issued since theincex^rion of a co-operati ve 
arrangement btstwoon tlie Geological Society of London and the Geological 
Society of America, is published through the munificence of the Penrose 
Bequest adininistored by the Geological Society of Amorioa. The corre- 
sponditig bibliographies and indexes of North American geology are issued 
periodically as Bulletins of the United States Geological Survey, of which 
tiio authors or editors above-noted are librarians. These lists combined 
must bo, pretty well exhaustive of tlxo geology of the world. The serials 
that have beoti oxamined (and listed) are world-wide in their provenance, and 
ill all languag 0 .s. llio present series of bibliographies are especially valuable 
foi* the Inclusioj i of great mas.sos of Bossian and other literature in unfamiliar 
tongues which would otherwise be overlooked. Each entry consists of full 
bibliograpJiical details, and also a most valuable short summary of its contents. 
The index, of 109 pages in double columns, is admirably done. In short, 
these bibliographies form one of the most valuable aid.s to research that 
geologists have at their disiiosal. G. W. T. 

BOTANY 

An Introduction to Industrial Mycology. By George Smith, M.Sc., 

F.H.I.O. Third edition. [Pp. xiv -f 271, with 143 figures.] (London : 

Edward Arnold & Co., 1946. 20«. net.) 

Moulds are used extensively in industry at the present day and the trend 
would indicate that this tendency will increase. Whether their appearance 
is interpreted as controlled fermentation ” or “ spoilage,” control will be 
necessary, and this happy state of affairs is more likely to ensue if the biologist 
(or chemist) in charge has a practical knowledge of moulds and their uses in 
industiy. However, they must be of th(3 right kind, as I well remember the 
author leotxiring on this subject, and many members of the audience dis¬ 
covered to their cliagrin that the moulds concerned could not be used for 
coating aeroplane parts. 

This book is outstanding in being a very practical guide to anyone engaged 
in controlled fermentations, or on spoilage of foods or fabrics by moulds. It 
is not always possible for the person on whom this re^onsibility is placed 
to have had a special'training in Mycology. This is quite understandable 
as the spoilage may not warrant the employm.ent of a full-time microbiologist 
and chemists are only too ready to investigate new problems. The numerous 
and exeelleht photomicrographs wliioh this book contains renders species 
identification a reasonable problem and should appeal particularly to such 
people* 

Host books on moulds are too academic for the industrial biologist, and 
rarely devote move than a few paragraphs to the “ Fungi Imperfecti **; yet 
this is one of the most important groups of the fungi from an economic view¬ 
point, and its members appear with alarming regularity on foods and textiles. 
They spoil fermentations whether they be carried out in flasks holding 200 mis. 
Pr in tanks holding several thousand gallons. This subject is very adequately 
dealt with in four chapters, and the treatment of the Aspergilii and the 
Penicillia deserves special mention. 
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Laboratory teolmique and the physiological behaviour of moulds rocoivo 
adequate attention and this part of the book will bo most helpful to the 
chemist who has turned part biologist. 

The production of Penicillin and other fine chemicals by fermentation will 
undoubtedly expand enormously and this third edition has appeared in time 
to fill a gap ir^ the shelves of published industrial microbiology. 

. R. D. Andrbws. 

JPure Cultures of Algae : Their Preparation and Maintenance. 
By E. G. PBiNOSHEiitf. [Pp. xii -}- 110, with 1 plate and B figures,] 
(Cambridge; at the University Press, 1946. 7s. 6d. net.) 

The fresh-water, algologist has always been handicapped by the difficulty 
of obtaining a sufficiency of material, A few alga3 are always with us, in 
quantity sufficient for our needs, but the appearance of the majority is fleeting 
and, seemingly, erratic and all too often investigations have been curtailed 
owing to difficulty in obtaining suitable supplies over a period. Attempts 
have been made in the past to remedy this deficiency, often at the cost of 
immense labour, which, it must bo admitted, has scarcely boon oommensurato 
with the results obtained. 

Prof. Pringsheim’s work in this field sooms to have nxet with considerable 
success, for he has developed methods by which numerous algsc and flagollatos 
can be cultured. This success would appear to be due largely to two reasons— 
he has worked on the assumption that, save fot special purposes, bootoria-froo 
cultures aro not necessary, and further, ho has exploited what might bo 
termed “ rough-and-ready ” methods, culturing in soil or. peat extracts, beef 
extracts and so on. Such work should open up the field to more exact 
methods.. 

The book describes, often in minute detail, the technique for establishing 
and maintaining algal cultures^ A method is described of washing algal 
cells with the aid of a micropipette, enabling flagellates of no more than 12fx 
.long to be handled. Despite the author’s assurance that it is not difficult to 
acqTOO the necessary skill in preparing and maintaining the cultures, one 
may well wonder if mch techniques do not call for long and patient prtietioe. 

F. W, J. 

ZOOLOGY 

D.D,T. The Synthetic Insectioide. By T. F. West, M.So„ Ph.D. 
(Load.), F.R.I.C., and G. A. Campbell, M-Sc. (Leeds), IB’.R.I.O. 
[Pp. xii -f 301, with 13 plates.J (London; Chapman Hafi, Ltd*» 
1946. 21^?. net.) 

The value of D.D.T. in medical entomology was established under war con¬ 
ditions when the standards of personal hygiene,; previously the main defence 
against insect-borhe diseases, were shattered. What use can be made, \mder 
peace eonditions^ of this odourless and colourless compound with its remark¬ 
able- prc^rties of specific toxicity to insects and of stability when exposed 
in thin filn^ to stuffight or to sweat ? This question can be answered only 
firom practical triais in the many fields in which the insecticide^has potential 
uses t uot only in the bpnquest of diseases spread among man, domestic 
ahimals and cmp plants by insects, but in the control of noxioxis insects in 
5 the'pantry, t^ granar^, the milkihg shedy gl^shouse and outdoors on 
horticultural and agricultural crops and in the forest. The authors have 
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facilitat/Od this exploratory work by assembling, from a widely-scattered 
literature, the results reported up to the autumn of 1945. They have also 
included a detailed acooimt of work, not before known to the reviewer, on the 
incorporation of D.D.T. in distempers and paints by which means a simple 
control of domestic insect pests may bo possible. Because the successful 
practical use of D.D.T. requires a thorough knowledge of the chemical and 
physical properties of the compound, a full account is given together with 
methods by which the insecticide can bo formulated to suitable sprays, dusts 
or mists, 

The book will therefore meet the needs of a wide range of readers from the 
amateur, anxious to know whether this material has met the high expectations 
roused by the exuberant publicity which its discovery received in the popular 
px^ess, to the applied entomologist faced with; the problem of controlling a 
particular insect pest. As the latter worker will require to know how D.D.T. 
compares with other insecticides for a particular purpose, the authors have 
wisely included the results of comparative trials, and have so freed the book 
from the bias which might be suggested by the use of the definite article in 
its title. H. M. 

Xnventaire des Oiseaux de France. By NoeIi Mayatjd. [Pp. viii + 
211.] (Paris: Andx’e Blot.) 

The artistic world owes much to the creative imagination of the, French 
people, but this national attribute can Hardly be described one of the 
qualifications of a statistical scientist! Indeed, during the past century 
French ornithology has suffered much from the lively imagination of the 
provincial naturalist, with the result that most of the local avifaunas—and 
the country is rich in such documents—have, to a large extent, been vitiated 
by the inclusion of dubious or fanciful records. For instance, .Maisonneuve 
has admitted that essentially British bird, the Scotch Grouse, in his catalogue 
of species, occurring in the department of Maipe-et-Loire 1 We do not 
question its presence in that part of France, but suggest that an enter¬ 
prising gourmet probably took a keen interest in its journey there. , 

From this mass of unreliable literature M. Noel Mayaud must have often 
foimd it diflScult to discriminate between the “ grain and the chaff ” when com¬ 
piling his Inventaire des Oiseaux de France, Very wisely he has relegated 
the more incredible records tq an appendix entitled “ Captures Contestables 
ou Contost<$es.” This list contains a formidable total of over a huncked 
birds. While we are in, entire agreement with this arrangement yve. cannot 
help feeling that the number of sixspeqts might have been made even large?* 
by the transference, and consequent addition, of many of the records ha^ 
accepted without demur. For example the appearance of that purely oceanic 
and tropical species, the Frigate Bird, on the I^oire is rather difficult to 
believe. Surely the capture of the Bailcal Teal in France is most likely due tq 
the acpidontal escape of individuals from captivity ? Nor does the admission 
of the oentxny-old reports of the Semipalmated Snipe seem altogether reason¬ 
able, Ou the other hand, , a few of the contested ” records are^,. in tharef 
viewer’s opinion, sufficiently reliable to have been included in the main body 
of the work. Evarsmann's Warbler is a case in point. This bird re¬ 
corded by the writer in 1913 and the specimen, shot at Manqnviilei lifeurthe- 
et-Mosellci in Itoy of that year> is stfil in his cqllectionj and available for 
mspectiqn by-anyone to see it. There can be uo doubt as to its 

identity* or of its provenance. - 
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With these and other amendments, M. Mayaiid’s little book should prove 
a useful aid to all students of French ornithology. Lacking any reference to 
external distribution, or to the habits of the birds, it can only be rogai’ded as 
a basis for further research, as, izideod, is clearly indicated by its unprotontiovis 
title. CoLLiNGwooD IisranAM. 

La Vie des Sauterelles. By L. Chofaud. [Pp. 204, with 18 plates and 
16 figures.) (Paris: Librairio Gallimard, 19411. Frs. 150.-.) 

As a subject for the natural historian tho Oi*thoptera are W(4l-nigh unrivalled. 
The extraordinary diversity in bodily form, their structural adaptations and 
varied habits, all lend themselves to a sympathetic but non-tachnical treat¬ 
ment. Iii the present volume, the sixth in 4ihis library of natural history, 
these and many other aspects of their biology arc admirably conveyed. 

After a brief introduction to the families of tho Orthoptora a purely 
systematic approach is dispensed with. There follows a consideration of 
shape in relation to environment: tlio elongated forms of the Pliasmids and 
certain AcridiidiB living timongst thy vegetation; tho curious depressed 
bodies of certain desert grasshoppers ; tlio modi beat ions of cavo-dwelling 
species; the cryptic resemblances to the background, to bark, to loaves and 
even to flowers. There is an attractive chapter on, tho song of gj’asslioppors 
which is developed particularly in relation to tho French fauna. Tho 
mechanism of stridulation and the signiticance of difleronb typos of song 
are discussed in tho light of modern work, but the text is sufficiently loisui'inl 
to recall the appreciation of the song by the ancient Chinese and to dcscriljo 
the curiotis industry which grew up in that country around tho tending and 
training of fighting crickets. A more detailed consideration of insecjf hearing 
would have been a profitable addition to this chapter. 

Development is treated in outline only, but under the heading of self- 
preservation is gathered much general biological information on the haunts 
of the Orthoptera and on their means of defence, including entomological 
curiosities such as reflex bleeding, reflex immobilisation, and the oomple- 
inentary acts of autotomy and regeneration. The final chapters are devoted 
to aspects of reproduction and to the relations of the Orthoptera to man. 
While ctom^tio pests and locust invaders can only be accounted an umniti- 
gated nuisance, it is pleasing to note that on tho. credit side of the balance 
^Cet the author sets the advancement of our ideas through tho use of many 
of thdse insects as laboratory animals. 

Written in a lively prose style, this book follows tho bast traditions of 
French natural history. The author has tempered enthusiasm with restraint 
and has succeeded in the difficult task of writing a book of interest to the 
specialist ^d general reader alike. The 16 text figures and 18 plates illus¬ 
trating objects such as Mantid oothecae, as well as a variety of insects, are of 
excellent quality. 

" A. D. Lees, 

Fetit Atlas des Maxomiferes, I. Monotr^mes, Marsupiatuc, 
^ldent6s,^RotIgeurs. II. Ongtil§s. III. C6taces, Sir^niens, 
Fixaii|i4dies, Oaxnivores, Chiropteres. IV. InsecMvores, 
Primates. ' By Path. Book, Dr. 69 Sc. [I • pp. 47, with 12 plate ; 
n ; pp. 61, with 18 figures said. 12 plate ; III: pp. 65, with 6 figures 
and 12 ;plate; IV: pp. 81, with 12 figures'and 12 plate.] (Pra. 

■■'-,90.-each.) ■,.',■, ^ ■■■. ■■•■ -'v 
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Petit Atlas des Oiseaux. I- Passereaizx. II, Passereaux (fin), 
RoUiers, Pics, Perroq^uets, Hapaces nocturnes. III. Rapaces 
diurnes, Pigeons, Gallinac6s, Rales, Grues. IV, B6cas- 
seatix, Godlands, Canards, Herons, Impennes, Ratites. 

By L. DBLAraHiBR. [I: pp. 39, with 16 plates ; II: pp. 35, with 
12 plates ; III: pp. 39, with 12 plates ; IV ; pp. 63, with 12 plates,] 
(Frs. 90,- each.) 

Petit Atlas des Poissons. I and II. Poissons marine. By Li^on 
Bebtin, Dr. es Sc. III. Poissons des Eaux douces : Especes 
fran^aises. By Pr. Jacques Pellegrin. [I: pp 51, with 12 
plates ; II: pp. 31, with 12 plates ; III: pp. 57, with 13 figures and 
12 plates,] (Frs. 150.- each.) 

Petit Atlas des Amphibiens et Reptiles. I. Apodes, Urodeles, 
Anoures, Rhyncboc^phales, Cb^loniens, Crocodiliens. II. 
Lacertiliens, Ophidiens. By F. Angel. [I: pp. 47, with 12 
plates ; II: pp. 51, with 12 plates.] (Frs. 90.- each.) 

Petit Atlas des Fossiles. I- Possiles primaires et triasiqueSi. 
II. Fossiles jurassiques et cr^taciques. III. Fossiles terti- 
aires et quaternaires. By Georges Dbnizot, Dr. es Sc. Second 
edition. [I: pp. 33, with 18 plates; II: pp. 34, with 22 jjlates ; 
in : pp. 32, with 20 plates.] (Frs. 76.- each.) 

Published by Slditions N. Boubee (& Cie., 3 Place Saint-Andre-des- 
Arts, Paris 6. 

The amateur naturalist is chiefly interested by those animals that he can 
observe alive in their normal environment; the student of zoology is obliged 
to take the whole animal kingdom as his material, and he must hear and know 
about many creatures that he has seen neither alive nor in a museum. This 
little series of booklets would be a valuable personal possession for both 
naturalist and zoologist, and would fascinate their children. It covers the 
whole vertebrate kingdom with almost a thousand coloured illustrations, well 
executed and very well reproduced, representing individuah animals of the 
various types included within each vertebrate Class. To the naturalist they 
show the variety of forms related to those that are known to him personally; 
to the zoologist they give an attractive form and substance to beasts that he 
may know only as skeletons dr names. *, ■ 

The illustrations are systematically arranged, and some information is 
given about each species illustrated. Each volume contains in addition a 
substantial introductory text giving ^ the eharaetehs and zoological classifi¬ 
cation of the groups and much assorted information on their structure, habits, 
and other features of interest. The volumes are compact so that the student 
can carry a little museum in his pocket. 

The three volumes dealing with! fossils are disappointing. The attempt' 
to . treat the whole of the vast and difficult subject of palsBontology in the 
present form could only be a failure. ' W. H. 

PHYSIOLOGY AND MEDICINE 

L'Evolution piiysiologiqa©. 6tud© des Pertes da Fonctions cbez 
les Miproorganismes- By A. Lwoee. [Pp, 308, with 12 figures 
and 33 'tables.] ;(Paris: , Hermann & Gie, 1944.) ; ; 

From liberated France comes this excellent survey in the field of microbio^ 
logical nutrition in support of the author’s theory tbat evolution prbce^^ by 
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a losg of synthetic function. This idea was first put forward by tiie author 
in 1932 in connection with his study on tho nutritional requirements of the 
protozoa and independently by Knight and Fildes in the field of bacterial 
nutrition. The theory postulates the essential unity in tho metabolic roquiro- 
monts of all living creatui'es. Difforoncos exist in that certain organisms can 
synthesise “ essential metabolites ’* for thomsolvos, whilst others, oven of tho 
same species, have to bo given thorn proformod. Tliis difforonco in tho 
nutritional requirements of organisms is explained by supposing that originally 
organisms were able to synthesise all their nutritional ro(|uiroments from 
inorganic sources, as indeed many do to this day. This general synthesis of 
organic material led to localized changes in the environment of some organ¬ 
isms, which then finding themselves surrounded by nutritive substances 
preformed proceeded to use them in preference to synthesising them* In 
this process the syirthotic activity of the enzymes formerly used for nutritional 
processes was diminlsliod or lost, resulting in organisms which were stimulated 
in growth by provision of preformed metabolites or which would not grow 
without them. The degree of demand for preformed metabolites is, therefore, 
some index of the extent of evolution from primitive typos and is j)articularly 
marked among the obligate parasites whicli have maintained thomsolvos 
exclusively on the store of nutrients in living creatures. There are two ways 
in which this evolutionary process may be traced : (1) in the material required 
for synthesis of protoplasm, and (2) in the energy mechanisms employed by 
the organism. Lwoff thus divides organisms into nine physiological typ<.)S 
ranging from chemo-autotrophic which not only use inorganic sources of 
carbon and nitrogen for synthesis, but also obtain their energy by the oxidation 
of inorganic compounds, to allo-metatrophio which require to be given one or 
more growth factors and obtain their energy by the oxidation of organic 
compounds.; Any one species of bacteria or protozoa may contain more than 
one of these physiological types and it is possible experimentally to change 
one type into another either more or less exacting in its requirements. The 
Lwoff-Blnight hypothesis postulates that a change to a less-exacting type, as 
^ occurs in the training of organisms to dispense with a growth factor, is due to 
the manifestation bf a latent'enzyme capable of synthesising it originally 
belpnging to amore pr^ typ©> a reversion in the evolutionary process, 
tn some caees no amorot of training will enable the organism to develop the 
enzyme.. Here the latent enzyme precursor is lost; a genetic change has 
taken place. In order to give weight to his hypothesis, the author covers a 
wide field of investigations in the nutrition of prbtozoa, bactoia, fungi and 
higher plants and animals. He marshals his facts well and makes a con¬ 
vincing argument, although his work could with advantage be more condensed. 
The bibliography contains over 300 references, not: all of which, however, mre 
^quoted in the text. G. P. GnAmTOOT. 

^ A of Biochemistry . By PniLr? H. [Pp. xvi 4* 640, 

’ trith 84 figures and 70 tables.] (Kew York and London t McGraw-Hill 
! Book Company, Inc., 1946. 26s^ net.) 

This well-produced sturdy volume is clearly intend-ed, by , the author to 
teach the young idea to shoot biochemically, for his preface frankly indicates 
riaat the hbok is meant for students, €ts is indeed conveyed by its title. 
Con^quentiy it is 'natural--^t)id rightr^rto find it essehtially factual and 
sternly resisting any temptation to wandei? up speculative by-paths, however 

i lihe auithor has also written a of ^enetul Fftysiologyv and one 
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ndight thoreforo bo forgiven for expecting a certam accent on the “ bio ” of 
biochemistry, all the more as Prof. Mitchell himself says, “ This bool?: will 
be found to place emphasis upon nutrition.*’ The somewhat anthropocentric 
attitiide one is led to expect from this remark is more clearly expressed in 
the xiext, that ‘‘ correct nutrition is part of the basis of human welfare.” 

The chapters, in order of appearance, are on Carbohydrates, Photosyn¬ 
thesis, Fats and Belated Substances, Proteins and Amino Acids, Nuoleo- 
protoins and Nucleic Acids, The Vitamins, Fnziyipes, Digestion, Absorption 
and Detoxication, Blood and Lymph, Chemistry of Bespiration and Acid-base 
Begulation, Biological Oxidation, Calorimetry and , Energy Metabolism, 
Carbohydrate Metabolism, Metabolism of the Lipids, Protein Metabolism, 
Urine, Composition of Food and Dietetics, TKo Chemistry of Animal Tissues, 
Chomistxy of the Hormones, Chemotherapy. They are. preceded by “ An 
Introduction to Biochemical Litei'ature ” with a, selected, bibliography, con¬ 
taining the names of books and review publicatioixs that must be regarded 
as only suitable for those advanced students who have mastered the contents 
of this book, and followed by Author and Subject Indexes. 

The fact that the book includes references to such recent developments 
as Astbury’s and Huggins’s views on protein structure, Frazer’s concept, of 
fat absorption and the development of work with tracer isotopes shows that 
the author is up-to-date in his Imowledge of biochemical research not only 
in his own couijitry but also in this. Sometimes he seems almost too modern, 
though, in his spelling, for biotine is not a normal form (until, anyhow, 
the substance becomes recognised by the British Pharmacopoeia) and dis- 
trophy ** is inaccurate in meaning as well as in etymology! 

It has not been possible in a'fairly extensive random sampling of this 
volume to find errors either of oixxission or commission: the standard of 
accui^acy in setting seems as high as is that of, the book’s general production. 
To have made available, if at a somewhat less penetrative didactic level, a 
book that can oonfidehtiy compete with Bodansky’s Introdiiction to Physio- 
logical Ohemistry in its own country is an achievement on which author and 
publisher are both to be congratulated, A. L. Baohabach. 

to Bioobemistry,/ By William Robert Fearon, 
M.A., So.D#, M.B. Third edition. [Pp. x-h 669.] (London: 
William Heinemann M^cal Books, Ltd., 1946. 218. net.) 

BiooncEMiSTBx is a rapidly developing science, apd oven during the five years 
of world war, which have intervened between the times of publication of the 
second and third editions of this text-book, num^pus important advances 
have taken place. Prof. Fearon has managed to mcorpofate many-of these 
in the new edition. Apart from bringing the book up t6 date in this way, 
he has endeavoured to make it more useful, particularly to studeixts of clinical 
medicine, by amplifying his treatment of such topics as acid*bas8 balance, 
animal oalorimeti^, carbon dioxide transport, energy transformation, blood 
chemistry, bone forixxatiom food absorp^^ and detoxication. A chapiter 
has been added at the end of the book on Tissue Ghemistiy ” j this gives 
an account of the ohemioal cpnstitutioii of various body tissues 
muscle, epithelial and connective tissue, brain, bone and teeth, arid is isoth 
interestiug-'and■ useful;' ■' 

This lxk)fc is comprehensive within the limits the anchor l|as IsanKteH’. 
The ihedical etudent will find some h^ormatioin bn any bk)oheimoaI topic 
he is likely to be interested m, and hsuaUymbst of witiat it is to 
should know. Indeed, it could be umesexvedly Tecoromended Were it hot icr 
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tmniistakafolo evidence that tiio final revision and i)roof-r<'{uiing lias not ijoeri 
all that it should. There arc unfortunately many orrora an<l misprints ; 
opening the book almost at random wo found on succ('wsivo pages pyridoxino 
described as 1-mothyl-2-hydroxy-3 : 4-dihyd.roxypyridine, an<l pantothenic 
acid tis a derivative of a-y-dihydroxy-/^f/?“diniothyipropioni(*, acid; both of 
which aro obviously impossiblo as systematic nam(\s of any organic (joni- 
pound. A careful reading of several chaptoi’s brought to light a. do/.<m or so 
such misleading statomonts and misprints, and a iiurttber of tlu^Hii an^ not 
hew, but have survived frotn the second edition. This (uuuiot but/ U^avc^ one 
tineasy about the general reliability of the wt^altli of informatioii |r)rovided 
within the pages of this book. It is therefore diflictilt to rbcomtnond it without 
qualification as a reference or oven a text-book. Perhaps, in preparing the 
next edition, the opportunity will bO taken to chock and corri^ct all those 
questionable statements, and to make certain that atiy tww matter introduced 
is also accurate and free from misprints. The book would then be a tndst 
useful as well as a most readable volume. W. 0. K* 

HISTORY OF SCIENCE 

Pastetir. By Hetstui Mondor. [Pp, 189, with 9 plates.] (Paris : Editions 
Correa & Cie, 1945. Frs. 150.-.) 

This short biography of Pasteur is not intended m a now study of iJjo groat 
French scientist, but as a tribute from a sm'geon on the occasion of the 
fiftieth anniversary of Pasteur’s death. The a»uthoi‘ reviews the rnain facts 
of his subject’s life and of his cla^ical researches ; he. properly strassoH the 
great services that Pasteur rend<4red to humanity, espepiaily in his infiuenco 
on operative surgery by the reduction in the appalling mortality figures ; 
he describes the crude and ignorant opposition against which Pasteur stub¬ 
bornly and bravely contended; and he reveals a deep appreciation and 
imderstanding of the personality and outlook of Pasteur. ‘‘ Xp XIX® sibcle,” 
writes M. Mondor,discr^dit4 naguere par snobisme ou par ruse, n’efit-il 
apport^ au monde que la microbiologie, devrait etre tenu pour grand. ” 

M. Mondor widtes m a clear, easy and concise style and his book m well 
iliu^rated with dine beautiful plates. As a short and sympal.hctic bi('>graphy 
of Pasteur, it cto be recoimmonded to all students of scimico and'modici.no. 

D. M<iKie. 

Jotimal of the History of Medicine and Allied Sciences. 

VoL I, No. 1, January 1946. [Pp. 182, with mimorous illustrations,] 
(Published quarterly by Henry Schuman, 20 East 70th Btreet, New 
York 21, N.Y. Subscription rate ^^7,60 .in the U.S., Canada and 
Xatin America; $8.60 elsewhere. . Single copies, $2.60.) , 

The appearance of a new journal, and such an admirable one as this, dealing 
with the history of medicine and the allied sciences is, indeed, welcome, and 
one hopes thatit indicates an inci*easing interest in the study of the subject. 
This interest is more widespread in the United States .than it is hero if one 
may judge from the limited number of publications devoted to it. “ At 
present there is in the United, States only one other publication in this field, 
itloB Bulletin of the History of Medicine, edited by Dr. Henry E. Sigerist,” 
says pr. George Rosem the e^tor-in*-chief, in his introduction to this volume. 
He adds, “ It '^yill, not compete, withy but will supplement the ’% 

and in this connectionitds interesting^to note that Dr. Sigerist is one' of the 
consulting ^editors.,' , ■ ■■ , 
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During the past seventy-five years,” adds Dr. Rosen, “ a large part of 
the medical profession has turned away from the history of medicine ”, and 
everyone will agree with him that this trend has resulted in a serious loss for 
the profession. The same may bo said, and even more definitely, of the lack 
of attention which is given to the study of history by statesmen and others. 
The object of the Journal is “ not to cultivate medical history as a mere search 
for antiquities, as a kind of himt for curios, but rather as a vital, integral part 
of modi cine.” It is a worthy object, and time will show if the optimism of 
th(^ editor when ho states that We believe this can be done ” is justified. 
Judging from this first number.it certainly seems that it will be, and that 
“ while maintaining the highest literary and scholarly standards ” it will 
succeed in, presentiiig “ studies that can be of interest to as large a section of 
the medical profession as possible.” A mere list of the contributions to this 
issue would suffice to show how well this has been attempted as a commence¬ 
ment, and all one’s space might be given to a particular article such as 
Dr. (.'hiirlos Singer’s introductory portion of his “ Some Galenic and Animal 
Sources of Vesalius,” a* masterly study which is given pride of place. In 
the course of it Dr. Singer points out that, though Vesalius repeatedly and 
violently denomiced Galen, yet many of his own anatomical descriptions were 
taken from the text of Galen rather than from the book of Nature. Vesalius 
he designates as “ this noisy, bustling exhibitionist genius,” and speaks of 
“ the gratuitous obscurity and studied verbosity of his descriptive wilting ”. 

Dr. Josiah C, Trent, in “ The London Years of Benjamin Waterhouse,” 
throws interesting sidelights on that remarkable period, the later part of the 
eighteenth century, and. on some of the outstanding medical personalities of 
the time, especially Di% John Fothergill, who was his mother’s cousin and with 
whom he lived for a long while, Dr. John Hay garth, Joseph Priestley, Dr 
Lottsom, William Qurtis, author of Flora Londinensis^ John Hunter, and others. 

Of other articles mention may be made of Dr. George Urdang’s ‘‘ Phar¬ 
macopoeias as Witnesses of World History,?’ the value of which is enhanced 
by the reproduction of a number of title-pages ; of Dr. Saunders’ and Dr. 
O’Malley’s study of “ Bernardino Montana de Monserrate ”, author of the 
first text on anatomy to be published in the Spanish Vernacular ; of Dr. 
Loren 0 Mackinney’^ valuable survey of an aspect of human credulity in his 
‘‘ Animal Substances in Materia Medica : a Study in the Persistence of the 
Primitive ” ; of a learned and well-documented article on “ The Two Earliest 
Dentistry Woodcuts,”’by Curt Proskauer, D.D.S. j of Dr. P. I. Nixon’s 
pleasant tod entertaining account of an elusive person “ t)r, Benjamin 
Harrison, Temporary Texan,” who is described as ‘" clever, irresponsible, 
drunken”, and of whose adventures one would willingly read more; of 
Jtme M. Opponlieimer’s “ A Note on William Blake and John Hunter,” in 
which she identifies “ Jack Tearguts ” in Blake’s An I eland in the Moon as 
John Hrinter and speaks of Blake’s darkly brilliant and erratic miiid—^in 
other words mentally unstable ? Two other articles I was unable to read, 
not because of lack of interest but on account of the binder’s imkindness in 
leaving out part of them, nameljr Phyto Allto% “ Medical Education in 
Seventeenth-Century England,” and Dr. Erwin H, Ackerknecht’s “ Incubator 

Taboo.” . What J have read of these makes me the more regret this 
unintentional deprivation. , , , 

^together a fine portion of mixed feeding in medical histoiy tod one to 
which a cordial welcome can heartily be given. May itrhave the success it 
deserves. . , Httbebt G. N^ 
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